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METHOD OF TREATING BRAIN CANCER

CROSS REFERENCE TO RELATED U.S.
APPLICATION

This application 1s a continuation of international patent
application no. PCT/US06/000122, filed Jan. 3, 2006, which
claims the benefit of U.S. Provisional Application Ser. No.

60/641,263, filed on Jan. 3, 2005, each of which are incorpo-
rated herein by reference 1n their entirety.

FIELD OF THE INVENTION

This mvention 1s 1n the field of medicinal chemistry. In
particular, the invention relates to compounds that are activa-
tors of caspases and inducers of apoptosis. The invention also
relates to the use of these compounds as therapeutically effec-

tive anti-cancer agents, and in particular to the use of these
compounds 1n treating cancer of the brain and central nervous

system (CNS).

BACKGROUND OF THE

INVENTION

Organisms eliminate unwanted cells by a process variously
known as regulated cell death, programmed cell death or
apoptosis. Such cell death occurs as a normal aspect of animal

development, as well as 1 tissue homeostasis and aging
(Glucksmann, A., Biol. Rev. Cambridge Philos. Soc. 26:59-

86 (1951); Glucksmann, A., Archives de Biologie 16:419-4377
(1963); Ellis, et al., Dev. 112:391-603 (1991); Vaux, et al.,
Cell 76.777-779 (1994)). Apoptosis regulates cell number,
facilitates morphogenesis, removes harmiful or otherwise
abnormal cells and eliminates cells that have already per-
formed theiwr function. Additionally, apoptosis occurs 1n
response to various physiological stresses, such as hypoxia or
ischemia (PCT published application WO96/20721).

It has been found that a group of proteases are a key
clement 1n apoptosis (see, e.g., Thomberry, Chemistry and
Biology 5:R97-R103 (1998); Thornberry, British Med. Bull.
53:4778-490 (1996)). Genetic studies 1n the nematode Cae-
norhabditis elegans revealed that apoptotic cell death
involves at least 14 genes, 2 of which are the pro-apoptotic
(death-promoting) ced ({or cell death abnormal) genes, ced-3
and ced-4. CED-3 1s homologous to interleukin 1 beta-con-
verting enzyme, a cysteine protease, which 1s now called
caspase-1. When these data were ultimately applied to mam-
mals, and upon further extensive investigation, 1t was found
that the mammalian apoptosis system appears to mvolve a
cascade of caspases, or a system that behaves like a cascade of
caspases. At present, the caspase family of cysteine proteases
comprises 14 different members, and more may be discov-
ered 1n the future. All known caspases are synthesized as
zymogens that require cleavage at an aspartyl residue prior to
forming the active enzyme. Thus, caspases are capable of
activating other caspases, in the manner of an amplifying
cascade.

Apoptosis and caspases are thought to be crucial in the
development of cancer (Apoptosis and Cancer Chemo-
therapy, Hickman and Dive, eds., Humana Press (1999)).
There 1s mounting evidence that cancer cells, while contain-
ing caspases, lack parts of the molecular machinery that acti-
vates the caspase cascade. This makes the cancer cells lose
their capacity to undergo cellular suicide and the cells become
cancerous. In the case of the apoptosis process, control points
are known to exist that represent points for intervention lead-
ing to activation. These control points include the CED-9-

BCL-like and CED-3-1CE-like gene family products, which
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are 1ntrisic proteins regulating the decision of a cell to sur-
vive or die and executing part of the cell death process itself,
respectively (see, Schmitt, et al., Biochem. Cell. Biol. 75:301 -
314 (1997)). BCL-like proteins include BCL-xL. and BAX-
alpha, which appear to function upstream of caspase activa-
tion. BCL-xL appears to prevent activation of the apoptotic
protease cascade, whereas BAX-alpha accelerates activation
of the apoptotic protease cascade.

It has been shown that chemotherapeutic (anti-cancer)
drugs can trigger cancer cells to undergo suicide by activating
the dormant caspase cascade. This may be a crucial aspect of
the mode of action of most, 11 not all, known anticancer drugs

Los, et al, Blood 90:3118-3129 (1997); Friesen, et al., Nat.
Med. 2:574 (1996)). The mechanism of action of current
antineoplastic drugs frequently involves an attack at specific
phases of the cell cycle. In briet, the cell cycle refers to the
stages through which cells normally progress during their
lifetime. Normally, cells exist 1n a resting phase termed G_.
During multiplication, cells progress to a stage in which DNA
synthesis occurs, termed S. Later, cell division, or mitosis
occurs, 1n a phase called M. Antineoplastic drugs, such as
cytosine arabinoside, hydroxyurea, 6-mercaptopurine, and
methotrexate are S phase specific, whereas antineoplastic
drugs, such as vincristine, vinblastine, and paclitaxel are M
phase specific. M phase specific antineoplastic drugs, such as
vinblastine and paclitaxel, are known to affect tubulin poly-
merization. The ability of cells to appropriately polymerize
and depolymerize tubulin 1s thought to be an important activ-
ity for M phase cell division.

Many slow growing tumors, €.g. colon cancers, exist pri-
marily 1n the G_ phase, whereas rapidly proliferating normal
tissues, for example bone marrow, exist primarily in the S or
M phase. Thus, a drug like 6-mercaptopurine can cause bone
marrow toxicity while remaining inefiective for a slow grow-
ing tumor. Further aspects of the chemotherapy of neoplastic
diseases are known to those skilled 1n the art (see, e.g., Hard-
man, etal., eds., Goodman and Gilman’s The Pharmacologi-
cal Basis of Therapeutics, Ninth Edition, McGraw-Hill, New
York (1996), pp. 1225-1287). Thus, it 1s clear that the possi-
bility exists for the activation of the caspase cascade, although
the exact mechanisms for doing so are not clear at this point.
It 1s equally clear that nsuificient activity of the caspase
cascade and consequent apoptotic events are implicated 1n
various types ol cancer. The development of caspase cascade
activators and inducers of apoptosis 1s a highly desirable goal
in the development of therapeutically effective antineoplastic
agents. Moreover, since autoimmune disease and certain
degenerative diseases also involve the proliferation of abnor-
mal cells, therapeutic treatment for these diseases could also
involve the enhancement of the apoptotic process through the
administration of appropriate caspase cascade activators and
inducers of apoptosis.

However, current use of apoptosis inducers and other anti-
neoplastic drugs as chemotherapy for brain tumors has been
limited. Surgical removal 1s the primary therapy for most
patients with brain tumors rather than chemotherapy (see

Karim et al., Int. J. Radiat. Oncol. Biol. Phys. 52:316-324
(2002); Patchell R A, Cancer Treat Rev 29:533-540 (2003)).
Radiation therapy 1s also a part of treatment for many brain
tumors as 1t has been shown to lengthen disease-iree survival
in patients with low grade glioma (Karim et al., Int. J. Radiat.
Oncol. Biol. Phys. 52:316-324 (2002)). One limitation 1n the
use of chemotherapy for brain tumors 1s due to the difficulty
in achieving adequate exposure of the drug to the tumor.
Carmustine has been incorporated into biodegradable poly-
mers to achieve prolonged exposure of an antineoplastic
agent to the tumor (Brem et al., Lancet 345:1008-1012
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(1995). However, administration of the drug-impregnated
biodegradable polymers 1s administered by implantation at
the tumor site during surgery. Administering chemotherapy
during surgery or by direct infusion of an agent to the site of
the brain tumors 1s difficult and uncomiortable for the patient.
Thus, a need exists for chemotherapeutic agents able to

achieve adequate exposure to tumors of the brain and CNS
without the need for direct infusion at the tumor site.

SUMMARY OF THE INVENTION

4-arylamino-quinazoline compounds and analogs, as rep-
resented 1n Formulae I-III below, are potent tubulin inhibi-
tors. They are activators of the caspase cascade leading to the
activation of caspase-3 and inducers or promoters of apopto-
s1s. Thus, they are useful 1n treating or delaying the onset of
diseases and disorders that are responsive to the imnhibition of
tubulin or to the induction of apoptosis.

It has now been surprisingly discovered that compounds
having Formulae I-III are able to achieve adequate concen-
tration in the brain and CNS to be effective as treatment
and/or prophylaxis for diseases and disorders of the brain and
CNS, such as brain and spinal cord tumors.

Accordingly, one aspect of the present invention 1s directed
to the use of compounds of the present invention in inhibiting
tubulin, 1n inducing caspase activities, particularly caspase-3
activities, and inducing or promoting apoptosis, by adminis-
tering the compounds to cells 1n vitro or 1 vivo 1n warm-
blood animals, particularly mammals.

Another aspect of the present invention 1s directed to the
use ol compounds of the present invention as therapy or
prophylaxis for diseases and disorders of the brain and CNS.
In particular, the mvention provides a method for treating
cancers of the brain and CNS. The mvention also provides a
method for reducing the size or slowing the growth of brain
neoplasms, or improving the survival of patients with tumors
of the brain or CNS. The methods comprise administering to
a subject mammal 1n need of the treatment a therapeutically
elfective amount of a compound of the present invention.

Yet, another aspect of the present invention 1s to provide a
method for treating or delaying the onset of diseases and
disorders that are responsive to inhibition of tubulin, includ-
ing but not limited to neoplastic diseases (such as cancer),
psoriasis, autoimmune diseases, and fungi infection. The
method comprises administering to a subject mammal 1n need
of the treatment a therapeutically effective amount of a com-
pound of the present invention.

Yet another aspect of the present invention 1s to provide a
pharmaceutical composition useful for treating disorders
responsive to the inhibition of tubulin and the induction of
apoptosis, containing an effective amount of a compound of
the present invention, preferably in admixture with one or
more pharmaceutically acceptable carriers or diluents.

The foregoing and other advantages and features of the
invention, and the manner 1n which the same are accom-
plished, will become more readily apparent upon consider-
ation of the following detailed description of the invention
taken 1n conjunction with the accompanying examples, which
illustrate preferred and exemplary embodiments.

DETAILED DESCRIPTION OF THE INVENTION

Compounds of the present invention are potent inhibitors
of tubulin and can also 1nhibit topoisomerase activities, such
as topoisomerase II-dependent conversion of supercoiled
DNA to topoisomers. The compounds are potent and highly
elficacious activators of the caspase cascade particularly
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caspase-3, and inducers of apoptosis. Therefore, the com-
pounds are usetul for treating diseases and disorders respon-
stve to induction of apoptosis, inhibition of tubulin and/or
inhibition of topoisomerase II.

It has now been surprisingly discovered that compounds
having Formulae I-11I are able to achieve adequate concen-
tration 1n the brain and CNS to be eflective as treatment

and/or prophylaxis for diseases and disorders of the brain and

CNS. In particular, compounds having Formulae I-11I are able
to treat diseases of the brain and CNS that are responsive to
therapy by inducing apoptosis, activating caspases, inhibiting
tubulin and/or topoisomerase in the brain. Such diseases

include, for example, brain and spinal cord tumors.

Thus, the present invention provides a method of inhibiting,
tubulin in cells 1n vitro or in warm-blood animals, particularly
mammals, more particularly humans. As used herein, the
term ““inhibiting tubulin® means inhibiting the polymeriza-
tion (or assembly) of tubulin monomers or promoting depo-
lymerization of microtubles (i.e., tubulin disassembly). Inhi-

bition of tubulin can be assayed by methods known 1n the art.

The present invention also provides a method for inhibiting
topoisomerase II 1n cells 1n vitro or 1n warm-blood animals,
particularly mammals, more particularly humans. As used
herein, the term “imnhibiting topoisomerase II” means inhibit-
ing the activities of the enzyme topoisomerase II 1n topoi-
somerase II-dependent conversion of supercoiled DNA to
topoisomers. Inhibition of topoisomerase 11 activities can be
assayed by methods known 1n the art.

In addition, the present invention also provides a method of
activating caspase, particularly caspase-3 and inducing apo-
ptosis in cells 1n vitro or 1n warm-blood animals, particularly
mammals, more particularly humans. The term “activating
caspase” as used herein means activating or enhancing the
enzymatic (protease) activity of a caspase (e.g., caspase-3),
which, 1T occurring inside cells, results 1n promoted apoptosis
or cell death. The ability of a compound 1n activating caspase,
particularly caspase-3, can be assayed 1 a method as pro-
vided in Example 61 below. The term “inducing apoptosis™ as
used herein means inducing apoptosis 1n cells so as to cause
cell death. The ability of a compound to induce apoptosis can
be tested by methods known i1n the art. Also provided are
methods for treating or delaying the onset of diseases and
disorders responsive to inhibiting tubulin, inhibiting topoi-
somerase 11, activating caspase-3, or inducing apoptosis. Spe-
cific examples of such diseases and disorders are provided 1n
details below.

The above various methods of the present invention can be
practiced by or comprise treating cells 1n vitro or a warm-
blood animal, particularly mammal, more particularly a
human with an effective amount of a compound according to
the present vention. As used herein, the phrase
“treating . . . with . . . a compound” means either administer-
ing the compound to cells or an animal, or adminmistering to
cells or an animal the compound or another agent to cause the
presence or formation of the compound inside the cells or the
amimal. Preferably, the methods of the present invention com-
prise administering to cells 1n vitro or to a warm-blood ani-
mal, particularly mammal, more particularly a human, a phar-
maceutical composition comprising an elfective amount of a
compound according to the present invention.
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Specifically, the methods of the present invention comprise
treating cells 1n vitro or a warm-blood amimal, particularly
mamimal, more particularly a human with an effective amount

ol a compound according to Formula I:
(1)
Rio
|
Ryj Ry
R, X
R; N *Tf Re
R4 R7
Rz
/
Rg [‘) RE
R¢ Rz

or pharmaceutically acceptable salts or solvates thereof,

wherein:

R, 15 C, _; alkyl;

R, 1s halo, R,,, OR, ., SR,.,, NR,:R,,, or NR, (C=0)C,
alkyl wherein R, < 1s C, _. alkyl, C,_ alkenyl, C,_, alkynyl,
C,_¢ haloalkyl, C,_ carbocycle, C,_; heterocycle, C._,,
aryl, orarylalkyl and R, ,1s H, C, _alkyl, C,_. alkenyl, C, _
alkynyl, C, _. haloalkyl, C,_; carbocycle, C,_ heterocycle,
Ce_io aryl, or arylalkyl;

R;, R,, Rs-Rq, R,4-R,; are independently halo, R,..
NR, R+, OR,«, or SR, wheremn R, . and R, 5 are indepen-
dently H, C, _. alkyl, C,_. alkenyl, C,_. alkynyl, or C,
haloalkyl provided that R, . and R, ; are not both H;

R 1s Hor C, _; alkyl;

Ry1s H, halo, R, 4, OR, 4, SR, s, NR (R, oroptionally R, and
one of Ry and R, , together form a heterocycle, wherein R, 4
and R, are independently H, C, . alkyl, C,_. alkenyl, C, _
alkynyl, or C,_; haloalkyl provided that R ;s and R, ; are not
both H; and

B, D, W, X, Y and 7 are independently C or N, provided that
at least one of B and D 1s N, no more than one of W, X, Y
and 7 are N, and when B, D, W, X,Y or Z 1s N then there 1s
no substituent at the N.

In specific embodiments of the compounds of Formula I, B
1s C and D 1s N. In specific embodiments of the compounds of
Formula I, B 1s N and D 1s C. In specific embodiments of the
compounds of Formula I, X or Y 1s N. In specific embodi-
ments of the compounds of Formula I, W or Z 1s N.

In specific embodiments of the compounds of Formula I,
R, 15 C, _; alkyl, halo, C, _; haloalkyl, —OC, _, alkyl, —SC, _;
alkyl, C,_4 heterocycle (preferably morpholino), NR, C,_;
alkyl, NR, (C=0)C,_; alkyl, or NR, (arylalkyl) wherein
R, 1s Hor C,_; alkyl.

In additional specific embodiments of the compounds of
Formula I, R, 1s CH,. In specific embodiments of the com-
pounds of Formula I, R 1s H. In specific embodiments of the
compounds of Formula I, R;, R,, R.-R,, R,,-R,; are inde-
pendently H, C, _; alkyl, halo, NH(C, _; alkyl), N(C, _; alkyl),,
or —OC, ; alkyl.

In additional specific embodiments of the compounds of
Formula I, R, 1s H, OH, C,_; alkyl, halo, C,_; haloalkyl,
—OC, ; alkyl, —SC, _; alkyl, —OC, _; haloalkyl, NR, R,
wherein R, | and Ry, are independently H or C, _; alkyl pro-
videdthatR,_and R, arenotboth H, or optionally R, and one
of Ry and R, together form a C,_; heterocycle (preferably
1,3-dioxolane).
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In a specific embodiment of the compounds of Formula 1,
R, 1s CH,CH,, or CH,, preterably CHj;

R, 1s CH,CH,, CH,, Cl, CH,F, OCH,, SCH,, morpholino,
NHCH,;, NCH;(C—0)CH,;, or NHCH,CHx;

R,, R,, R., R,,, and R,, are mdependently H, CH,, CI,

NHCH;, N(CH;),, or OCH;;

R. 1s H;

R, R,, R,,and R, are independently H, F, or OCH,; and

R, 1s H, OH, Cl, CH,, CH,CH;, OCH,, OCH,CHsj,
OCH,CH,CH,;, SCH,;, OCF;, OCHF,, OCH(CH,)-,
N(CH,),, NHCH,; or optionally R, and one of R, and R,
together form 1,3-dioxolane.
Compounds of Formula I include compounds according to

Formula II:

(1)

I’fm
Rn\ / Rg
Rl\ )\ f '\.
R
R4 \N 7
)\
R. N R,

R

or pharmaceutically acceptable salts or solvates thereof,

wherein:

R, 1s C, _; alkyl;

R, 1s halo, R, OR,,, SR, ,, NR,.R,,, or NR, (C=0)C, ,
alkyl wherein R, < 1s C,_qalkyl, C, . alkenyl, C,_. alkynyl,
C,_« haloalkyl, C,_ carbocycle, C,_; heterocycle, C,._,,
aryl, or arylalkyl and R, , 1s H, C,_salkyl, C,_. alkenyl, C,
alkynyl, C,_chaloalkyl, C,_; carbocycle, C;_; heterocycle,
Cq. 10 aryl, or arylalkyl;

R;, R, Rs-Ry, R, and R, are independently halo, R,
NR,R,,, OR, ., or SR, . wherein R, .and R, are indepen-
dently H, C, . alkyl, C,_« alkenyl, C,_. alkynyl, or C,
haloalkyl provided that R, . and R, , are not both H;

R.1s H or C,_; alkyl;

Ry1s H, halo, R, 4, OR, 4, SR, s, NR, R, or optionally R, and
oneof R, and R, together form a heterocycle, wherein R |
and R, ; are independently H, C,_; alkyl, C,_. alkenyl, C,
alkynyl, or C, . haloalkyl provided thatR, ; and R, ; are not
both H; and

W, X, Y and Z are independently C or N, provided that no
more than one of W, X, Y and Z are N, and when W, X, Y
or 7 1s N, then there 1s no substituent at the N.

In specific embodiments of the compounds of Formula II,
X or Y 1s N. In specific embodiments of the compounds of
Formula II, W or Z 1s N.

In specific embodiments of the compounds of Formula II,
R, 1s C, ; alkyl, halo, C,_; haloalkyl, —OC, _; alkyl, —SC,
alkyl, C,_; heterocycle (preferably morpholino), NR, C,
alkyl, NR, (C=0)C,_; alkyl, or NR, (arylalkyl) wherein
R, 1s HorC,_; alkyl.

In additional specific embodiments of the compounds of
Formula II, R, 1s CH,. In specific embodiments of the com-
pounds of Formula II, R 1s H. In specific embodiments of the
compounds of Formula II, R;, R, R-Rg,, R, and R, are
independently H, C,_; alkyl, halo, NH(C,_; alkyl), N(C, _;
alkyl),, or —OC, _; alkyl.
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In additional specific embodiments of the compounds of
Formula II, R, 1s H, OH, C, _; alkyl, halo, C,_; haloalkyl,
—O0C, ; alkyl, —SC, ; alkyl, —OC, _; haloalkyl, NRg, R,
wherein R, , and R, are independently H or C, _, alkyl pro-
videdthatR,_and R, arenotboth H, or optionally R, and one
of R, and R, , together form a C,_ heterocycle (preferably
1,3-dioxolane).

In a specific embodiment of the compounds of Formula II,
R, 1s CH,CH,, or CH,, preferably CH;;

R, 1s CH,CH,, CH,, Cl, CH,F, OCH,, SCH,, morpholino,

NHCH,;, NCH,(C—0)CH;, or NHCH,CHx;

R;, R,, and R, are independently H, CH,, Cl, NHCH,,

N(CH,),, or OCHj;;

R. 1s H;
R, R, R,,and R, are independently H, F, or OCH,; and
R, 1s H, OH, Cl, CH,;, CH,CH;, OCH,, OCH,CHsj,

OCH,CH,CH,;, SCH,, OCF,, OCHF,, OCH(CH;),,

N(CH,),, NHCH,; or optionally R, and one of Ry and R,

together form 1,3-dioxolane.

Another group of compounds of Formula I include com-
pounds according to Formula III:

(I11)

Rio
Ry R
R

R \N Rg

R
)\
R5/ 7 N R,
R

or pharmaceutically acceptable salts, or solvates thereof,

wherein:

R, 1s C, _; alkyl;

R, 1s halo, R;5, OR,,, SR,,, NR,;:R,,, or NR, ,(C=0)C, ¢
alkyl wherein R, < 1s C, _ alkyl, C,_. alkenyl, C,_. alkynyl,
C,_ haloalkyl, C,_; carbocycle, C,_; heterocycle, C,_,,
aryl,orarylalkyland R, 1s H, C, _.alkyl, C, . alkenyl, C, _,
alkynyl, C, _« haloalkyl, C,_; carbocycle, C;_; heterocycle,
Ce.10 aryl, or arylalkyl;

R,, R, R,-Rg, R, and R,, are independently halo, R,,
NR, R+, OR,(, or SR, wheremn R, . and R, 5 are indepen-
dently H, C, . alkyl, C, . alkenyl, C,_. alkynyl, or C,
haloalkyl provided that R, . and R, ; are not both H;

R.1s Hor C, _; alkyl; and

Ry1s H, halo, R, 4, OR, 4, SR, s, NR R, or optionally R, and
one of Ry and R, , together form a heterocycle, wherein R 4
and R |, are independently H, C, . alkyl, C,_, alkenyl, C,
alkynyl, or C,_, haloalkyl provided that R, and R, ; are not
both H.

In specific embodiments of the compounds of Formula III,
R, 1s C, _; alkyl, halo, C, _; haloalkyl, —OC, _; alkyl, —SC, _4
alkyl, C,_5 heterocycle (preferably morpholino), NR, C,
alkyl, NR, (C=0)C,_; alkyl, or NR, (arylalkyl) wherein
R, 1s HorC,_; alkyl.

In additional specific embodiments of the compounds of
Formula III, R, 1s CH,. In specific embodiments of the com-
pounds of Formula III, R 1s H. In specific embodiments of the
compounds of Formula III, R;, R, R.-Rs, R,y and R, are
independently H, C,_; alkyl, halo, NH(C,_; alkyl), N(C, _;

alkyl),, or —OC, _; alkyl.
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In additional specific embodiments of the compounds of
Formula III, R, 1s H, OH, C,_; alkyl, halo, C,_; haloalkyl,
—O0C, ; alkyl, —SC, ; alkyl, —OC, _; haloalkyl, NR, R,
wherein R, and R, are independently H or C, _; alkyl pro-
videdthatR,_ andR,, are notboth H, or optionally R, and one
of Ry and R, together form a C,_; heterocycle (preferably
1,3-dioxolane).

In a specific embodiment of the compounds of Formula III,
R, 1s CH,CH,, or CH,, preferably CH;;

R, 1s CH,CH,, CH,, Cl, CH,F, OCH,, SCH,, morpholino,
NHCH,, NCH,(C— O)CH3,, or NHCH,C H;
R;, R,, and R, are independently H, CHB, Cl, NHCH,,

N(CH,),, or OCHj;;

R 1s H;

R, Rq, R, and R, are independently H, F, or OCH;; and

R, 1s H, OH, Cl, CH,, CH,CH,, OCH,, OCH,CH;,
OCH,CH,CH,, SCH,, OCF,, OCHF,, OCH(CH,),,
N(CH,),, NHCH,; or optionally R, and one of R and R,

together form 1,3-dioxolane.
In another specific embodiment of the compounds of For-

mula III,
R, 1s CH,;
R, 1s CH,, Cl, OCH,, NHCH,;, or NCH;(C—0)CH;;
R;-Rq, R, Ry, R, and R, are H; and

R, 1s OCH;, N(CH,),, or NHCHj;.

In the various embodiments of the above methods, prefer-
ably when R, 1s H then R, and Rm are not both H or one H and
the other halo Also, 1n the various embodiments above, pret-
erably when R, 1s H then R, and R, , are not both H or one H
and the other halo or alkyl or haloalkyl. In the various
embodiments above, preferably when R, 1s C,_, alkyl, halo,
or C,_. haloalkyl, R, 1s not H. Also 1n the various embodi-

ments above, preferably when R, 1s Hthen R, and R, , are not
both H or one H and the other halo, and R, 1s not H.

In the various embodiments of the above methods of the
present invention, preferably the compounds administered in
the methods of the invention are able to induce caspase acti-
vation as determined by the method and under conditions
(measurement at 24 hours) described in Example 61, prefer-
ably at an EC, no greater than 1,000 nM, more preferably at
an EC., no greater than about 500 nM, more preferably at an
EC., no greater than about 200 nM, more preferably at an
EC., no greater than about 100 nM, even more preferably at
an EC., no greater than about 50 nM, and most preferably at
an EC., no greater than about 10 nM. Also preferred in the
above methods of the invention are compounds of Formulae
I-1II, and pharmaceutically acceptable salts or solvates
thereot, that are able to inhibit tubulin at an IC, of no greater
than about 2,000 nM, more preferably no greater than about
1,000 nM, most preferably less than about 500 nM, as deter-
mined by methods known 1n the art.

In a specific embodiment of the above methods of the
invention are compounds of Formulae I-111, and pharmaceus-
tically acceptable salts or solvates thereof, that have a brain/
plasma AUC ratio, as determined by the method and under
conditions described 1n Example 62, of greater than about 3,
preferably greater than about 10, and more preterably greater
than about 15.

Exemplary compounds useful in the methods of the present
invention are compounds provided in Examples 1-60, and
pharmaceutically acceptable salts or prodrugs thereof. Spe-
cific exemplary compounds include but are not limited to:
(2-Chloro-quinazolin-4-yl)-(4-methoxy-phenyl)-methyl-

amine:
(2-Chloro-quinazolin-4-yl)-(4-methyl-phenyl )-methyl-

amine:
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(2-Chloro-quinazolin-4-yl)-(4-chloro-phenyl )-methyl-
amine;
(2-Chloro-quinazolin-4-yl)-(4-trifluoromethoxy-phenyl )-
methyl-amine;
(4-Methoxy-phenyl)-methyl-(2-morpholin-4-yl-quinazolin-
4-yl)-amine;
(2-Chloro-quinazolin-4-yl)-ethyl-(4-methoxy-phenyl)-
amine;
(2-Chloro-quinazolin-4-yl)-(2,4-dimethoxy-phenyl)-me-
thyl-amine;
(2-Chloro-quinazolin-4-yl)-(3-methoxy-phenyl)-methyl-
amine;
(2-Methoxy-quinazolin-4-yl)-(4-methoxyphenyl )-methy-
lamine;
(2-Fluoromethyl-quinazolin-4-y1)-(4-methoxy-phenyl )-me-
thyl-amine;
(2-Chloro-6-methyl-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine;
(2-Chloro-5-methyl-quinazolin-4-y1)-(4-methoxy-phenyl)-
methyl-amine;
(2-Chloro-8-methyl-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine;
(2,6-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-me-
thyl-amine;
(4-Methoxy-phenyl)-methyl-(quinolin-4-yl)-amine;
(2-Chloro-quinazolin-4-yl)-(3,4-methylenedioxyphenyl )-
methyl-amine;
(2-Chloro-quinazolin-4-yl)-(3,4-dimethoxy-phenyl)-me-
thyl-amine;
(2-Chloro-quinazolin-4-yl)-(4-propoxy-phenyl )-methyl-
amine;
(4-Methoxy-phenyl)-methyl-(2-methyl-quinazolin-4-yl)-
amine hydrochloride;
(2-Ethyl-quinazolin-4-yl)-(4-methoxy-phenyl)-methyl-
amine;
(2-Chloro-quinazolin-4-yl)-(2,3-dimethoxy-phenyl)-me-
thyl-amine;
(4-Dafluoromethoxy-phenyl)-(2-methyl-quinazolin-4-yl)-
methyl-amine;
(3-Fluoro-4-methoxy-phenyl)-(2-methyl-quinazolin-4-yl)-
methyl-amine;
(4-Isopropoxy-phenyl)-(2-methyl-quinazolin-4-yl)-methyl-
amine;

(4-Ethyl-phenyl)-(2-methyl-quinazolin-4-yl)-methyl-amine;

(2,8-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-me-
thyl-amine;
(2,5-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-me-
thyl-amine;
(5-Methoxy-2-methyl-quinazolin-4-yl1)-(4-methoxy-phe-
nyl)-methyl-amine;
(2-Chloro-quinazolin-4-yl)-(4-ethoxy-phenyl)-methy-
lamine;
(2-Methyl-quinazolin-4-yl)-(6-methoxy-pyridin-3-yl)-me-
thyl-amine;
(2-Fluoro-4-methoxy-phenyl)-(2-methyl-quinazolin-4-yl)-
methyl-amine;
(4-Dimethylamino-phenyl)-(2-methyl-quinazolin-4-yl)-me-
thyl-amine;
(4-Ethoxy-phenyl)-(2-methyl-quinazolin-4-yl)-methyl-
amine;
(2-Methylthio-quinazolin-4-y1)-(4-methoxy-phenyl)-me-
thyl-amine;
(2-Methylamino-quinazolin-4-yl)-(4-methoxy-phenyl )-me-
thyl-amine;
(2-Methylamino-quinazolin-4-yl)-(6-methoxy-pyridin-3-
yl)-methyl-amine;
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(5-Methoxy-pyridin-2-yl)-(2-methyl-quinazolin-4-yl)-me-
thyl-amine;
(2-Benzylamino-quinazolin-4-y1)-(4-methoxyphenyl)-me-
thylamine;
(2-Methyl-quinazolin-4-yl)-(4-methylamino-phenyl)-me-
thylamine;
(2-Chloro-quinazolin-4-yl)-(4-dimethylaminophenyl)-me-
thylamine;
(2-Methylamino-quinazolin-4-yl1)-(4-dimethylaminophe-
nyl)-methylamine;
[2-(N-Methyl-acetamido)-quinazolin-4-y1]-(4-dimethylami-
nophenyl)-methylamine;
(4-Methylthio-phenyl)-(2-methyl-quinazolin-4-yl)-methy-
lamine;
(2-Dimethylamino-pyridine-5-yl)-(2-methyl-quinazolin-4-
yl)-methylamine;
(4-Methoxy-phenyl)-(2-N-methylacetamido-quinazolin-4-
yl)-methylamine;
(6-Dimethylamino-2-methyl-quinazolin-4-yl)-(4-methoxy-
phenyl)- methylamme
(2-Chloro- qumazo 1n-4-yl)-phenyl-methyl-amine;
(2-Chloro-quinazolin-4-yl)-phenyl-methyl-amine;
(2-Chloro-quinazolin-4-yl)-(2,5-dimethoxy-phenyl)-me-
thyl-amine;
(2-Chloro-quinazolin-4-yl)-(2-methoxy-phenyl)-methyl-
amine:
(2-Chloro-quinazolin-4-yl)-(4-hydroxyphenyl)-methy-
lamine;
(2,7-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-me-
thyl-amine;
(2-Chloro-7-methyl-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine;
and pharmaceutically acceptable salts or solvates thereof.
Unless specifically stated otherwise or indicated by a bond
symbol (dash or double dash), the connecting point to a
recited group will be on the right-most stated group. Thus, for

example, a hydroxyalkyl group 1s connected to the main
structure through the alkyl and the hydroxyl 1s a substituent
on the alkyl.

The term “alkyl” as employed herein by itself or as part of
another group refers to both straight and branched chain
radicals of up to ten carbons. Useful alkyl groups include
straight-chained and branched C, _,, alkyl groups, more prei-
erably C, _. alkyl groups. Typical C,_,, alkyl groups include
methyl, ethyl propyl, 1sopropyl, butyl, sec-butyl, tert-butyl,
3-pentyl, hexyl and octyl groups, which may be optionally
substituted.

The term “alkenyl” as employed herein by 1tself or as part
of another group means a straight or branched chain radical of
2-10 carbon atoms, unless the chain length 1s limited thereto,
including at least one double bond between two of the carbon
atoms 1n the chain. Typical alkenyl groups include ethenyl,
1-propenyl, 2-propenyl, 2-methyl-1-propenyl, 1-butenyl and
2-butenyl.

The term “‘alkynyl” 1s used herein to mean a straight or
branched chain radical of 2-10 carbon atoms, unless the chain
length 1s limited thereto, wherein there 1s at least one triple
bond between two of the carbon atoms 1n the chain. Typical
alkynyl groups include ethynyl, 1-propynyl, 1-methyl-2-pro-
pynyl, 2-propynyl, 1-butynyl and 2-butynyl.

Usetul alkoxy groups include oxygen substituted by one of
the C,_,, alkyl groups mentioned above, which may be
optionally substituted. Alkoxy substituents include, without
limitation, halo, morpholino, amino including alkylamino
and dialkylamino, and carboxy including esters thereof.

Usetul alkylthio groups include sulfur substituted by one

of the C,_,, alkyl groups mentioned above, which may be
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optionally substituted. Also included are the sulfoxides and
sulfones of such alkylthio groups.

Useful amino groups include —NH,, —NHR_ and
—NR R, wherein R, and R, are C,_, alkyl or cycloalkyl
groups, or R,_and R,, are combined with the N to form a ring
structure, such as a piperidine, or R and R are combined with
the N and other group to form a ring, such as a piperazine. The
alkyl group may be optionally substituted.

Optional substituents on the alkyl, alkenyl, alkynyl,
cycloalkyl, carbocyclic and heterocyclic groups include one
or more halo, hydroxy, carboxyl, amino, mitro, cyano, C,-C
acylamino, C,-C; acyloxy, C,-C, alkoxy, aryloxy, alkylthio,
Cq-C,,aryl, C,-C, cycloalkyl, C,-C alkenyl, C,-C alkynyl,
Cq-C, aryl(C,-Cylalkenyl, C.-C, , aryl(C,-Cj)alkynyl, satu-
rated and unsaturated heterocyclic or heteroaryl.

Optional substituents on the aryl, arylalkyl, arylalkenyl,
arylalkynyl and heteroaryl and heteroarylalkyl groups
include one or more halo, C,-C, haloalkyl, C.-C,, arvl,
C,-C, cycloalkyl, C,-C alkyl, C,-C alkenyl, C,-C alkynyl,
Cq-C,qaryl(C,-Cylalkyl, C,-C, 5 aryl(C,-Cyalkenyl, C.-C, ,
aryl(C,-C)alkynyl, C,-C, hydroxyalkyl, nitro, amino, ure-
1ido, cyano, C,-C, acylamino, hydroxy, thiol, C,-C, acyloxy,
azido, C,-C, alkoxy, carboxy or C,_, alkylenedioxy (e.g.,
methylenedioxy).

The term *“‘aryl” as employed herein by 1tself or as part of
another group refers to monocyclic, bicyclic or tricyclic aro-
matic groups containing from 6 to 14 carbons in the ring
portion.

Usetul aryl groups include C_, , aryl, preferably C_, ,aryl.
Typical C,_, , aryl groups include phenyl, naphthyl, phenan-
threnyl, anthracenyl, indenyl, azulenyl, biphenyl, biphenyle-
nyl and fluorenyl groups.

The term “carbocycle” as employed herein include
cycloalkyl and partially saturated carbocyclic groups. Usetul
cycloalkyl groups are C, ; cycloalkyl. Typical cycloalkyl
groups 1clude cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl and cycloheptyl.

Usetul saturated or partially saturated carbocyclic groups
are cycloalkyl groups as described above, as well as cycloalk-
enyl groups, such as cyclopentenyl, cycloheptenyl and
cyclooctenyl.

Usetul halo or halogen groups include fluorine, chlorine,
bromine and 10dine.

The term ““arylalkyl” 1s used herein to mean any of the
above-mentioned C, _, 5 alkyl groups substituted by any of the
above-mentioned C,_,, aryl groups. Preferably the arylalkyl
group 15 benzyl, phenethyl or naphthylmethyl.

The term “arylalkenyl” 1s used herein to mean any of the
above-mentioned C,_, , alkenyl groups substituted by any of
the above-mentioned C_, , aryl groups.

The term “arylalkynyl” i1s used herein to mean any of the
above-mentioned C,_, , alkynyl groups substituted by any of
the above-mentioned C_, , aryl groups.

The term “aryloxy” 1s used herein to mean oxygen substi-
tuted by one of the above-mentioned C_, , aryl groups, which
may be optionally substituted. Usetul aryloxy groups include
phenoxy and 4-methylphenoxy.

The term “arylalkoxy” 1s used herein to mean any of the
above mentioned C,_, 5 alkoxy groups substituted by any of
the above-mentioned aryl groups, which may be optionally
substituted. Useful arylalkoxy groups include benzyloxy and
phenethyloxy.

Usetul haloalkyl groups include C, _, , alkyl groups substi-
tuted by one or more tluorine, chlorine, bromine or 10dine
atoms, e.g., fluoromethyl, difluoromethyl, trifluoromethyl,
pentatluoroethyl, 1,1-difluoroethyl, chloromethyl, chloroi-
luoromethyl and trichloromethyl groups.
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Usetul acylamino (acylamido) groups are any C,_. acyl
(alkanoyl) attached to an amino nitrogen, e.g., acetamido,
chloroacetamido, propionamido, butanoylamido, pentanoy-
lamido and hexanoylamido, as well as aryl-substituted C, _
acylamino groups, e.g., benzoylamido, and pentatluoroben-
zoylamido.

Useful acyloxy groups are any C, . acyl (alkanoyl)
attached to an oxy (—0O—) group, e.g., formyloxy, acetoxy,
propionoyloxy, butanoyloxy, pentanoyloxy and hexanoy-
loxy.

The term heterocycle 1s used herein to mean a saturated or
partially saturated 3-7 membered monocyclic, or 7-10 mem-
bered bicyclic ring system, which consists of carbon atoms
and from one to four heteroatoms independently selected
from the group consisting of O, N, and S, wherein the nitro-
gen and sulfur heteroatoms can be optionally oxidized, the
nitrogen can be optionally quaternized, and including any
bicyclic group 1n which any of the above-defined heterocyclic
rings 1s fused to a benzene ring, and wherein the heterocyclic
ring can be substituted on a carbon or on a nitrogen atom 11 the
resulting compound 1s stable, including an oxo substituent
“—0”") wherein two hydrogen atoms are replaced.

Usetul saturated or partially saturated heterocyclic groups
include tetrahydrofuranyl, pyranyl, piperidinyl, piperazinyl,
pyrrolidinyl, imidazolidinyl, imidazolinyl, indolinyl, 1soin-
dolinyl, quinuclidinyl, morpholinyl, 1sochromanyl, chroma-
nyl, pyrazolidinyl, pyrazolinyl, tetronoyl and tetramoyl
groups.

The term “aryl” as employed herein by itself or as part of
another group refers to monocyclic, bicyclic or tricyclic aro-
matic groups containing from 6 to 14 carbons in the ring
portion.

Usetul aryl groups include C_, , aryl, preferably C_, , aryl.
Typical C_, ., aryl groups include phenyl, naphthyl, phenan-
threnyl, anthracenyl, indenyl, azulenyl, biphenyl, biphenyle-
nyl and tfluorenyl groups.

The term “‘arylalkyl” 1s used herein to mean any of the
above-mentioned C, _, 5 alkyl groups substituted by any of the
above-mentioned C,_,, aryl groups. Preferably the arylalky
group 1s benzyl, phenethyl or naphthylmethyl.

The term “heteroaryl” as employed herein refers to groups
having 5 to 14 ring atoms; 6, 10 or 14 & electrons shared 1n a
cyclic array; and containing carbon atoms and 1, 2 or 3
oxygen, nitrogen or sulfur heteroatoms.

Usetul heteroaryl groups include thienyl (thiophenyl),
benzo[b]thienyl, naphtho[2,3-b]thienyl, thianthrenyl, furyl
(furanyl), 1sobenzoturanyl, chromenyl, xanthenyl, phenox-
anthiinyl, pyrrolyl, including without limitation 2ZH-pyrrolyl,
imidazolyl, pyrazolyl, pyridyl (pyridinyl), including without
limitation 2-pyndyl, 3-pynidyl, and 4-pyridyl, pyrazinyl,
pyrimidinyl, pyridazinyl, indolizinyl, 1soindolyl, 3H-1ndolyl,
indolyl, indazolyl, purinyl, 4H-quinolizinyl, isoquinolyl,
quinolyl, phthalzinyl, naphthyridinyl, quinozalinyl, cinnoli-
nyl, pteridinyl, carbazolyl, 3-carbolinyl, phenanthridinyl,
acrindinyl, perimidinyl, phenanthrolinyl, phenazinyl, 1sothia-
zolyl, phenothiazinyl, 1soxazolyl, furazanyl, phenoxazinyl,
1,4-dihydroquinoxaline-2,3-dione, ‘7-am1inoisocoumarin,
pyrido[1,2-a]pyrimidin-4-one, pyrazolo[1,5-a]pyrimidinyl,
including without limitation pyrazolo[1,5-a]pyrimidin-3-vyl,
1,2-benzoisoxazol-3-yl, benzimidazolyl, 2-oxindolyl and
2-oxobenzimidazolyl. Where the heteroaryl group contains a
nitrogen atom 1n aring, such nitrogen atom may be 1n the form
of an N-oxide, e.g., a pyridyl N-oxide, pyrazinyl N-oxide and
pyrimidinyl N-oxide.

The term “heteroaryloxy” 1s used herein to mean oxygen
substituted by one of the above-mentioned heteroaryl groups,
which may be optionally substituted. Useful heteroaryloxy
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groups include pyridyloxy, pyrazinyloxy, pyrrolyloxy, pyra-
zolyloxy, imidazolyloxy and thiophenyloxy.

The term “heteroarylalkoxy™ i1s used herein to mean any of
the above-mentioned C, _, , alkoxy groups substituted by any
of the above-mentioned heteroaryl groups, which may be
optionally substituted.

The present mvention also provides novel compounds,
which are potent tubulin inhibitors, topoisomerase II 1nhibi-
tors, caspase-3 activators and/or apoptosis imnducers/promot-
ers. Specifically, the novel compounds of the present mven-
tion are represented by Formulae I-111 and pharmaceutically
acceptable salts or solvates thereof.

Some of the compounds of the present invention may exist
as stereoisomers including optical 1somers. The invention
includes all stereoisomers and both the racemic mixtures of
such stereoisomers as well as the individual enantiomers that
may be separated according to methods that are well known to
those of ordinary skill 1in the art.

Examples of pharmaceutically acceptable addition salts for
the compounds of the present mvention, include norganic
and organic acid addition salts, such as hydrochloride, hydro-
bromide, phosphate, sulphate, citrate, lactate, tartrate, male-
ate, Tumarate, mandelate and oxalate; and inorganic and
organic base addition salts with bases, such as sodium
hydroxy, Tris(hydroxymethyl)aminomethane  (TRIS,
tromethane) and N-methyl-glucamine.

Examples of prodrugs of the compounds of the invention
include the simple esters of carboxylic acid containing com-
pounds (e.g., those obtained by condensation with a C,_,
alcohol according to methods known in the art); esters of
hydroxy containing compounds (e.g., those obtained by con-
densation with a C, _, carboxylic acid, C,_ dioic acid or anhy-
dride thereof, such as succinic and fumaric anhydrides
according to methods known 1n the art); imines of amino
containing compounds (e.g., those obtained by condensation
with a C,_, aldehyde or ketone according to methods known
in the art); carbamate of amino containing compounds, such
as those described by Leu, et. al., (J. Med. Chem. 42:3623-
3628 (1999)) and Greenwald, et. al., (J. Med. Chem. 42:36577 -
3667 (1999)); and acetals and ketals of alcohol containing
compounds (e.g., those obtained by condensation with chlo-
romethyl methyl ether or chloromethyl ethyl ether according,
to methods known 1n the art).

The compounds of this invention may be prepared using
methods known to those skilled 1n the art, or the novel meth-
ods of this mvention. Specifically, the compounds of this
invention with Formulae I-111 can be prepared as illustrated by
the exemplary reaction 1n Scheme 1. Reaction of optionally
substituted quinazoline-2,4-dione with phosphorylchloride
produces the corresponding 2,4-dichloroquinazoline, which
1s reacted with an optionally substituted aniline, such as

N-methyl-4-methoxy-aniline, to produce the substituted
2-chloro-4-anilino-quinazoline.

POCI;
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Compounds of this invention with Formulae I-III also
could be prepared as 1llustrated by the exemplary reaction 1n
Scheme 2. Reaction of the substituted 2-chloro-4-anilino-
quinazoline with a nucleophile (R, ), such as hydroxylamine,
in 1sopropanol heated by microwave produces the 2-nucleo-
phile substituted-4-anilino-quinazoline, such as substituted
hydroxylamino. Other nucleophiles that can be used 1n the
reaction include NaOMe, NaN,, NaSMe, NH,, NH,Me, or
NHMe,, and the reaction can be run at room temperature or
clevated temperature.

Scheme 2
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Compounds of this invention with Formulae I-111, could be
prepared as illustrated by the exemplary reaction 1n Scheme
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3. Reaction of 2,4-dichloroquinazoline with a substituted ary-
lamine or heteroarylamine, such as a substituted pyridin-3-
ylamine, produces the corresponding 4-aryl/heteroarylamino
substituted 2-chloro-quinazoline, which 1s alkylated with a
haloalkyl, such as methylated by reaction with methyl 10dide
in the presence of a base such as NaH, to produce the corre-

sponding 4-N-methyl-aryl/heteroaryl-amino  substituted
2-chloro-quinazoline.
Scheme 3
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R
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Alternatively, compounds of this invention with Formulae
I-IIT also could be prepared as illustrated by the exemplary
reaction i Scheme 4. The N-alkyl-arylamine or N-alkyl-
heteroarylamine could be prepared by reaction of the ary-
lamine or heteroarylamine with a ketone or aldehyde, such as
acetone, 1n the presence of a reducing agent, such as NaC-
NBH;. The N-alkyl-arylamine or N-alkyl-heteroarylamine 1s
then reacted with optionally substituted 2,4-dichloroquinazo-
line to produce the corresponding 4-substituted 2-chloro-
quinazoline.
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Compounds of this invention with Formulae I-III also
could be prepared as illustrated by the exemplary reaction 1n
Scheme 5. Reaction of optionally substituted 2-amino-ben-
zoic acid, such as 2-amino-5-methyl-benzoic acid, with
potassium cyanate 1n the presence of an acid, such as acetic
acid, produces the corresponding optionally substituted
quinazoline-2,4-dione, such as 6-methyl-quinazoline-2,4-di-
one, which 1s converted to the corresponding optionally sub-
stituted  2,4-dichloroquinazoline, such as 6-methyl-2,4-
dichloroquinazoline by reaction with phosphorylchloride.
Reaction of optionally substituted 2.,4-dichloroquinazoline,
such as 6-methyl-2,4-dichloroquinazoline with a substituted
arylamine or heteroarylamine, such as N-methyl-4-methoxy-
aniline, produces the corresponding 4-substituted 2-chloro-
quinazoline, such as substituted 2-chloro-4-anilino-quinazo-
line.

Scheme 5
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Compounds of this invention with Formulae I-111, wherein
R, 1s an optionally substituted alkyl group, could be prepared
as 1llustrated by the exemplary reaction 1n Scheme 6. Reac-
tion of 2-amino-benzoic acid methyl ester with an optionally
substituted acetonitrile, such as fluoro-acetonitrile, 1n the
presence of HCI produces the corresponding 2-substituted
quinazoline-4(3H)-one, such as 2-fluoromethyl-quinazoline-
4(3H)-one, which 1s converted to 2-substituted 4-chloro-
quinazoline, such as 4-chloro-2-fluoromethyl-quinazoline by
reaction with phosphorylchloride. Reaction of 2-substituted
4-chloro-quinazoline, such as 4-chloro-2-fluoromethyl-
quinazoline with a substituted aniline, such as N-methyl-4-
methoxy-aniline, produces the corresponding 2-substituted
4-anilino-quinazoline, such as 2-fluoromethyl-4-anilino-
quinazoline. Other substituted acetonitriles that can be used

for the reaction include chloro-acetonitrile and bromo-aceto-
nitrile, as well as acetonitrile and propionaitrile.

Scheme 6
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Compounds of this invention with Formulae I-111, wherein
R, 1s a substituted alkyl group, could also be prepared as

illustrated by the exemplary reaction 1n Scheme 7. Reaction
of a substituted 2-chloroalkyl-4-(N-alkyl-arylamine or
N-alkyl-heteroarvlamine)-quinazoline, such as N-methyl-2-
chloromethyl-4-amilino-quinazoline, with a nucleophile,
such as NHMe,, produces the substituted 2-dimethylami-
nomethyl-4-anilino-quinazoline. Other nucleophiles that can

be used 1n the reaction include NaOMe, NaN,, NaSMe, NH;,
NH,Me, or NHMe,, and the reaction can be run at room

temperature and elevated temperature.

Scheme 7
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Compounds of this invention with Formulae I-111, wherein
R, 1s a substituted alkyl, could be prepared as 1llustrated by
the exemplary reaction 1n Scheme 8. For example, reaction of
an optionally substituted 4-(arylamine or heteroarylamine)-
quinazoline, such as 2-methyl-4-(6-methoxy-pyridin-3-
ylamino)-quinazoline, with a substituted haloalkyl, such as
difluoromethyl chloride, 1n the presence of a base such as
NaH, produces the corresponding 4-(N-alkyl-arylamine or
N-alkyl-heteroarylamine)-quinazoline, such as 2-methyl-N*-
difluoromethyl-4-(4-methoxy-pyridin-3-ylamino)-quinazo-
line.

Scheme 8
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Compounds of this mnvention with Formula I-II1, wherein
R, 1s an alkyl group, could be prepared as illustrated by the
exemplary reaction 1n Scheme 9. Reaction of a substituted
2-amino-benzoic acid, such as 2-amino-5-nitro-benzoic acid,
with acetic anhydride, produces the corresponding substi-
tuted 2-methyl-4H-benzo[d][1,3]oxazine-4-one, such as
2-methyl-6-mitro-4H-benzo[d][1,3]oxazine-4-one, which 1s
converted to the corresponding quinazoline-4(3H)-one, such
as 2-methyl-6-nitro-quinazoline-4(3H)-one, by treatment
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the corresponding 4-chloro-quinazoline, such as 4-chloro-2-
methyl-6-nitro-quinazoline by reaction with phosphorylchlo-

20

ride. Reaction of the 4-chloro-quinazoline, such as 4-chloro-
2-methyl-6-mitro-quinazoline with a substituted arylamine or
heteroarylamine, such as N-methyl-4-methoxy-aniline, pro-
duces the corresponding 4-(arylamino or heteroarylamino)-
quinazoline, such as substituted 2-methyl-6-nitro-4-anilino-
quinazoline. Other substituted 2-amino-benzoic acid that can
be used for the reaction include 2-amino-4-nmitro-benzoic
acid, 2-amino-5-chloro-benzoic acid.

Scheme 9
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Compounds substituted with a nitro group can be reduced

H, with Pd to produce the amino

by hydrogenation under
compound, which can be converted to the azido compounds
tollowed by treatment with NaN,.

by diazotization
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Additional exemplary compounds may be synthesized

according to the synthesis schemes below:
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-continued
Scheme 13
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Compounds having Formulae I-III are activators of

caspases and inducers of apoptosis. Compounds having For-
mulae I-III are also inhibitors of tubulin polymerization.
Therefore, these compounds are useful 1n treating diseases
that are responsive to activating caspases, inducing apoptosis,
or inhibiting tubulin. For example, these compounds are use-
tul 1n a variety of clinical conditions in which there 1s uncon-
trolled cell growth and spread of abnormal cells, such as in the
case ol cancer.

Another important aspect of the present invention 1s the
surprising discovery that compounds having Formulae I-111
are able to achieve adequate exposure to the brain and CNS to
be effective as treatment and/or prophylaxis for diseases and
disorders of the brain and CNS. In particular, the invention
includes a method of treating diseases of the brain and CNS
that are responsive to therapy by inducing apoptosis, activat-
ing caspases, inhibiting tubulin and/or topoisomerase in the
brain. Such diseases include, for example, brain and spinal
cord tumors.

Brain tumors can be generally classified as either primary
brain tumors or metastatic brain tumors. Brain tumors are
often further classified by cell type, morphology, cytogenet-
ics, molecular genetics, immunologic markers, and/or a com-
bination thereof. For example, brain tumors may be classified
as neuroepithelial tumors (e.g. glial tumors, neuronal and
mixed neuronal-glial tumors, and nonglial tumors),
meningeal tumors, germ cell tumors, tumors of the sellar
region, primary CNS lymphoma, tumors of peripheral nerves
that affect the CNS, tumors of uncertain histogenesis, and
metastatic tumors. A classification of brain tumors by The
World Health Organization categorizes CNS tumors accord-
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ing to amalignancy scale based on histological features of the
tumor (see Klethues et al., Brain Pathol 3:255-268 (1993).

The most common types of primary brain tumors are ana-
plastic astrocytomas and glioblastomas, which account for
approximately 38% of primary brain tumors; and meningio-
mas and other mesenchymal tumors, which account for
approximately 27% of primary brain tumors. (see, Levin et
al., Neoplasms of the central nervous system. In DeVita, et al.,
eds., Cancer: Principles and Practice of Oncology, Sixth
Edition, Lippincott Williams & Wilkins, Phuladelphia (2001),
pp. 2100-2160). Other common primary brain tumors include
pituitary tumors, schwannomas, CNS lymphoma, oligoden-
drogliomas, ependymomas, low-grade astrocytomas, and
medulloblastomas. Additional specific primary brain tumors
include, astocytic tumors, pilocytic astrocytomas, diffuse
astrocytomas, pleomorphic xanthoastrocytomas, subependy-
mal giant cell astrocytomas, oligodendroglial tumors, olo-
dendrogliomas, anaplastic oligodendrogliomas, oligoastro-
cytomas, anaplastic oligoastrocytomas, myxopapillary
ependymomas, subependymomas, ependymomas, anaplastic
ependymomas, astroblastomas, chordoid gliomas of the third
ventricle, gliomatosis cerebris, glangliocytomas, desmoplas-
tic infantile astrocytomas, desmoplastic infantile gan-
gliogliomas, dysembryoplastic neuroepithelial tumors, cen-
tral neurocytomas, cerebellar liponeurocytomas,
paragangliomas, ependymoblastomas, medulloblastomas,
supratentorial primitive neuroectodermal tumors, choroids
plexus papilloma, pineocytomas, pineoblastomas, pineal
parenchymal tumors of intermediate differentiation, heman-
giopericytomas, melanocytic lesions, germ cell tumors,
tumors of the sellar region, craniopharyngioma, capillary
hemangioblastoma, and primary CNS lymphoma.

Metastatic brain tumors outnumber primary brain tumors
by at least 10 to 1 and typically occur as a result of primary
lung, breast, melanoma, or colon cancers metastasizing to the
brain (Patchell R A, Cancer Treat. Rev. 29:533-540 (2003)).
Cancers metastasizing to the brain result 1n multiple brain
metastases 1 over 70% of cases (Patchell R A, Cancer Treat.
Rev. 29:533-540(2003)). And thus are not typically treated by
surgery. However, chemotherapy 1s indicated to play a role 1n
the treatment of patients with brain metastases from
chemosensitive tumors (Patchell R A, Cancer Treat. Rev.
29:533-540 (2003). Thus, the present mvention includes a
therapeutic method of treating brain cancer, including pri-
mary brain neoplasms and brain metasases, comprising
administering to an ammal an effective amount of a com-
pound of Formulae I-1II, or a pharmaceutically acceptable
salt or prodrug thereof.

In one embodiment, the invention provides a method of
reducing the size or slowing the growth of brain neoplasms.
Reductions in size and/or growth of neoplasms may be mea-
sured by the Response Evaluation Criteria 1n Solid Tumors
(RECIST) Guidelines (see Therasse et al. J Nat. Cancer
Institute 92:205-216 (2000), herein incorporated by reference
in its entirety). For example, the method may reduce the
average size of lesions 1n patients by about 30% or more as
measured at four weeks post-treatment by 1dentifying up to 5
lesions per organ and 10 lesions 1n total, and determining the
reduction 1n length at the longest diameter of the lesion. In yet
another embodiment, the invention provides a method for
improving the survival of patients with or at risk of forming
brain tumors. The methods comprise adminmistering to a sub-
ject mammal in need of the treatment a therapeutically effec-
tive amount of a compound of the present invention.

The present invention also includes a therapeutic method
comprising administering to an animal an effective amount of
a compound, or a pharmaceutically acceptable salt or prodrug
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of said compound of Formulae I-111, wherein said therapeutic
method 1s usetul to treat cancer, which 1s a group of diseases
characterized by the uncontrolled growth and spread of
abnormal cells. Such diseases include, but are not limited to,
Hodgkin’s disease, non-Hodgkin’s lymphoma, acute lym-
phocytic leukemia, chronic lymphocytic leukemia, multiple
myeloma, neuroblastoma, breast carcinoma, ovarian carci-
noma, lung carcinoma, Wilms’ tumor, cervical carcinoma,
testicular carcinoma, soft-tissue sarcoma, primary macroglo-
bulinemia, bladder carcinoma, chronic granulocytic leuke-
mia, primary brain carcinoma, malignant melanoma, small-
cell lung carcinoma, stomach carcinoma, colon carcinoma,
malignant pancreatic mnsulinoma, malignant carcinoid carci-
noma, choriocarcinoma, mycosis fungoides, head or neck
carcinoma, osteogenic sarcoma, pancreatic carcinoma, acute
granulocytic leukemia, hairy cell leukemia, neuroblastoma,
rhabdomyosarcoma, Kaposi’s sarcoma, genitourinary carci-
noma, thyroid carcinoma, esophageal carcinoma, malignant
hypercalcemia, cervical hyperplasia, renal cell carcinoma,
endometrial carcinoma, polycythemia vera, essential throm-
bocytosis, adrenal cortex carcinoma, skin cancer, and pros-
tatic carcinoma.

In practicing the therapeutic methods, effective amounts of
compositions containing therapeutically effective concentra-
tions of the compounds formulated for oral, intravenous, local
and topical application, for the treatment of neoplastic dis-
eases and other diseases, are administered to an individual
exhibiting the symptoms of one or more of these disorders.
The amounts are effective to ameliorate or eliminate one or
more symptoms of the disorders. An effective amount of a
compound for treating a particular disease 1s an amount that 1s
suificient to ameliorate, or in some manner reduce, the symp-
toms associated with the disease. Such amount may be
administered as a single dosage or may be administered
according to a regimen, whereby it 1s effective. The amount
may cure the disease but, typically, 1s administered 1in order to
ameliorate the symptoms of the disease. Typically, repeated
administration 1s required to achieve the desired amelioration
of symptoms.

In certain embodiments of the therapeutic methods of the
present mvention, the compounds of Formulae I-1II have a
calculated polar surface area of less than about 100 or less
then about 80 square Angstroms. As used herein, “calculated
polar surface area” 1s determined using the Fast Polar Surface
Area two-dimensional polar surface area predictor software,
available from Accelerys® (San Diego, Calif.).

Another aspect of the present invention 1s to provide a
pharmaceutical composition, containing an effective amount
of a compound of Formulae I-III, or a pharmaceutically
acceptable salt of said compound, 1n admixture with one or
more pharmaceutically acceptable carriers or diluents.

In one embodiment, a pharmaceutical composition com-
prising a compound of Formulae I-I1I disclosed herein, or a
pharmaceutically acceptable salt of said compound, in com-
bination with a pharmaceutically acceptable vehicle 1s pro-
vided.

Preferred pharmaceutical compositions comprise com-
pounds of Formulae I-1II, and pharmaceutically acceptable
salts, esters, or prodrugs thereof, that are able to induce
caspase activation as determined by the method described 1n
Example 61, preferably at an EC_, no greater than 1,000 nM,
more preferably at an EC., no greater than 500 nM, more
preferably at an EC., no greater than 200 nM, more prefer-
ably at an EC., no greater than 100, and most preferably at an
EC., no greater than 10 nM.

Another embodiment of the present invention 1s directed to
a composition effective to inhibit neoplasia comprising a
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compound, or a pharmaceutically acceptable salt or prodrug
of said compound of Formulae I-III, which functions as a
caspase cascade activator and inducer of apoptosis or inhibi-
tor of tubulin polymernization, in combination with at least one
known cancer chemotherapeutic agent, or a pharmaceutically
acceptable salt of said agent. Examples of known cancer
chemotherapeutic agents which may be used for combination
therapy include, but not are limited to alkylating agents, such
as busulfan, cisplatin, mitomycin C, and carboplatin; antimi-
totic agents, such as colchicine, vinblastine, paclitaxel, and
docetaxel; topo I inhibitors, such as camptothecin and topo-
tecan; topo II inhibitors, such as doxorubicin and etoposide;
RNA/DNA antimetabolites, such as 5-azacytidine, 5-fluorou-
racll and methotrexate; DNA antimetabolites, such as
S-fluoro-2'-deoxy-uridine, ara-C, hydroxyurea and thiogua-
nine; EGFR inhibitors, such as Iressa® (gefitinib) and
Tarceva® (erlotinib); proteosome inhibitors; antibodies, such
as campath, Herceptin® (trastuzumab), Avastin® (bevaci-
zumab), or Rituxan® (rituximab). Other known cancer che-
motherapeutic agents which may be used for combination
therapy include melphalan, chlorambucil, cyclophosamide,
ifosfamide, vincristine, mitoguazone, epirubicin, aclarubicin,
bleomycin, mitoxantrone, elliptimum, fludarabine, oct-
reotide, retinoic acid, tamoxifen, Gleevec® (1matinib mesy-
late) and alanosine.

In practicing the methods of the present invention, the
compound of the invention may be administered together
with at least one known chemotherapeutic agent as part of a
unmitary pharmaceutical composition. Alternatively, the com-
pound of the mvention may be administered apart from at
least one known cancer chemotherapeutic agent. In one
embodiment, the compound of the invention and at least one
known cancer chemotherapeutic agent are administered sub-
stantially simultaneously, 1.e. the compounds are adminis-
tered at the same time or one aiter the other, so long as the
compounds reach therapeutic levels 1n the blood at the same
time. On another embodiment, the compound of the invention
and at least one known cancer chemotherapeutic agent are
administered according to their individual dose schedule, so
long as the compounds reach therapeutic levels 1n the blood.

It has been reported that alpha-1-adrenoceptor antagonists,
such as doxazosin, terazosin, and tamsulosin can inhibit the
growth of prostate cancer cell via induction of apoptosis
(Kyprianou, N., et al., Cancer Res 60:4550-4555, (2000)).
Theretfore, another embodiment of the present mnvention 1s
directed to a composition elffective to mhibit neoplasia com-
prising a compound, or a pharmaceutically acceptable salt or
prodrug of a compound described herein, which functions as
a caspase cascade activator and inducer of apoptosis or inhibi-
tor of tubulin polymerization, in combination with at least one
known alpha-1-adrenoceptor antagonist, or a pharmaceuti-
cally acceptable salt of said agent. Examples of known alpha-
1 -adrenoceptor antagonists, which can be used for combina-
tion therapy include, but are not limited to, doxazosin,
terazosin, and tamsulosin.

It has been reported that sigma-2 receptors are expressed in
high densities 1n a variety of tumor cell types (Vilner, B. 1., et
al., Cancer Res. 55: 408-413 (1995)) and that sigma-2 recep-
tor agonists, such as CB-64D, CB-184 and haloperidol acti-
vate a novel apoptotic pathway and potentiate antineoplastic
drugs 1n breast tumor cell lines. (Kyprianou, N., et al., Cancer
Res. 62:313-322 (2002)). Therefore, another embodiment of
the present invention 1s directed to a composition effective to
inhibit neoplasia comprising a compound, or a pharmaceuti-
cally acceptable salt or prodrug of a compound described
herein, which functions as a caspase cascade activator and
inducer of apoptosis or inhibitor of tubulin polymerization, n
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combination with at least one known sigma-2 receptor ago-
nist, or a pharmaceutically acceptable salt of said agonist.
Examples of known sigma-2 receptor agonists which can be
used for combination therapy include, but are not limited to,
CB-64D, CB-184 and haloperidol.

It has been reported that combination therapy with lovas-
tatin, a HMG-CoA reductase inhibitor, and butyrate, an
inducer of apoptosis 1n the Lewis lung carcinoma model 1n
mice, showed potentiating antitumor effects (Giermasz, A., et
al., Int. J. Cancer 97:746-750 (2002)). Therefore, another
embodiment of the present invention 1s directed to a compo-
sition effective to 1inhibit neoplasia comprising a compound,
or a pharmaceutically acceptable salt or prodrug of a com-
pound described herein, which functions as a caspase cascade
activator and inducer of apoptosis or inhibitor of tubulin
polymerization, 1n combination with at least one known
HMG-CoA reductase ihibitor, or a pharmaceutically accept-
able salt o said agent. Examples of known HMG-CoA reduc-
tase mhibitors, which can be used for combination therapy
include, but are not limited to, lovastatin, simvastatin, prav-
astatin, fluvastatin, atorvastatin and cerivastatin.

It has been reported that HIV protease inhibitors, such as
indinavir or saquinavir, have potent anti-angiogenic activities
and promote regression ol Kaposi sarcoma (Sgadari, C., et al.,
Nat. Med. 8:225-232 (2002)). Therefore, another embodi-
ment of the present invention 1s directed to a composition
cifective to 1nhibit neoplasia comprising a compound, or a
pharmaceutically acceptable salt or prodrug of a compound
described herein, which functions as a caspase cascade acti-
vator and inducer of apoptosis or inhibitor of tubulin poly-
merization, in combination with at least one known HIV
protease inhibitor, or a pharmaceutically acceptable salt of
said agent. Examples of known HIV protease inhibitors,
which can be used for combination therapy include, but are
not limited to, amprenavir, abacavir, CGP-73547, CGP-
61755, DMP-450, indinavir, nelfinavir, tipranavir, ritonavir,
saquinavir, ABT-378, AG 1776, and BMS-232,632.

It has been reported that synthetic retinoids, such as fenre-
tinide (N-(4-hydroxyphenyl)retinamide, 4HPR), have good
activity 1n combination with other chemotherapeutic agents,
such as cisplatin, etoposide or paclitaxel in small-cell lung
cancer cell lines (Kalemkerian, G. P, et al., Cancer
Chemother. Pharmacol. 43:145-150(1999)). 4HPR also was
reported to have good activity 1n combination with gamma-
radiation on bladder cancer cell lines (Zou, C., et al., Int. J.
Oncol. 13:1037-1041 (1998)). Therefore, another embodi-
ment of the present invention 1s directed to a composition
elfective to 1inhibit neoplasia comprising a compound, or a
pharmaceutically acceptable salt or prodrug of a compound
described herein, which functions as a caspase cascade acti-
vator and inducer of apoptosis or inhibitor of tubulin poly-
merization, in combination with at least one known retinoid
and synthetic retinoid, or a pharmaceutically acceptable salt
of said agent. Examples of known retinoids and synthetic
retinoids, which can be used for combination therapy include,
but are not limited to, bexarotene, tretinoin, 13-cis-retinoic
acid, 9-cis-retinoic acid, a-difluoromethylornithine, ILX23-
75353, fenretinide, and N-4-carboxyphenyl retinamide.

It has been reported that proteasome inhibitors, such as
lactacystin, exert anti-tumor activity 1 vivo and 1n tumor cells
in vitro, including those resistant to conventional chemo-
therapeutic agents. By inhibiting NF-kappaB transcriptional
activity, proteasome inhibitors may also prevent angiogenesis
and metastasis 1 vivo and further increase the sensitivity of
cancer cells to apoptosis (Almond, J. B., et al., Leukemia
16:433-443 (2002)). Therefore, another embodiment of the
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inhibit neoplasia comprising a compound, or a pharmaceuti-
cally acceptable salt or prodrug of a compound described
herein, which functions as a caspase cascade activator and
inducer of apoptosis or inhibitor of tubulin polymerization, 1in
combination with at least one known proteasome inhibitor, or
a pharmaceutically acceptable salt of said agent. Examples of
known proteasome 1nhibitors, which can be used for combi-
nation therapy include, but are not limited to, lactacystin,
MG-132, and PS-341.

It has been reported that tyrosine kinase inhibitors, such as
STI571 (Gleevec® (1matinib mesylate)), have potent syner-
getic effect in combination with other anti-leukemic agents,
such as etoposide (Liu, W. M., et al. Br. J. Cancer 86:14772-
1478 (2002)). Therefore, another embodiment of the present
invention 1s directed to a composition effective to inhibit
neoplasia comprising a compound, or a pharmaceutically
acceptable salt or prodrug of a compound described herein,
which functions as a caspase cascade activator and inducer of
apoptosis or inhibitor of tubulin polymerization, in combina-
tion with at least one known tyrosine kinase inhibitor, or a
pharmaceutically acceptable salt of said agent. Examples of
known tyrosine kinase inhibitors, which can be used for com-
bination therapy include, but are not limited to, Gleevec®

(1imatinib mesylate), ZD1839 Iressa® (gefitinib), SH268,
genistein, CEP2563, SU6668, SU11248, and EMD121974.
It has been reported that prenyl-protein transferase inhibi-
tors, such as farnesyl protein transierase inhibitor R115777,
possess preclinical antitumor activity against human breast
cancer (Kelland, L. R., et. al., Clin. Cancer Res. 7:3544-3550
(2001)). Synergy of the protein farnesyltransierase inhibitor
SCH66336 and cisplatin in human cancer cell lines also has
been reported (Adje1, A. A, etal., Clin. Cancer. Res. 7:1438-
1445 (2001)). Theretfore, another embodiment of the present
invention 1s directed to a composition effective to 1nhibit
neoplasia comprising a compound, or a pharmaceutically
acceptable salt or prodrug of a compound described herein,
which functions as a caspase cascade activator and inducer of
apoptosis, 1n combination with at least one known prenyl-
protein transierase mhibitor, including farnesyl protein trans-
ferase inhibitor, inhibitors of geranylgeranyl-protein trans-
terase type 1 (GGPTase-I) and geranylgeranyl-protein
transierase type-I1, or a pharmaceutically acceptable salt of
said agent. Examples of known prenyl-protein transierase

inhibitors, which can be used for combination therapy
include, but are not limited to, R115777, SCH66336, 1.-778,

123, BAL9611 and TAN-1813.

It has been reported that cyclin-dependent kinase (CDK)
inhibitors, such as flavopiridol, have potent synergetic elffect
in combination with other anticancer agents, such as CP1-11,
a DNA topoisomerase I inhibitor in human colon cancer cells
(Motwani, M., etal., Clin. Cancer Res. 7:4209-4219, (2001)).
Theretfore, another embodiment of the present mvention 1s
directed to a composition effective to ihibit neoplasia com-
prising a compound, or a pharmaceutically acceptable salt or
prodrug of a compound described herein, which functions as
a caspase cascade activator and inducer of apoptosis or inhibi-
tor of tubulin polymernzation, in combination with at least one
known cyclin-dependent kinase mhibitor, or a pharmaceuti-
cally acceptable salt of said agent. Examples of known cyclin-
dependent kinase inhibitors, which can be used for combina-
tion therapy include, but are not limited to, flavopiridol,
UCN-01, roscovitine and olomoucine.

It has been reported that i preclimical studies COX-2
inhibitors were found to block angiogenesis, suppress solid
tumor metastases, and slow the growth of implanted gas-
tromtestinal cancer cells (Blanke, C. D., Oncology (Huntingt)

16(No. 4 Suppl. 3):17-21 (2002)). Therefore, another
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embodiment of the present invention 1s directed to a compo-
sition effective to inhibit neoplasia comprising a compound,
or a pharmaceutically acceptable salt or prodrug of a com-
pound described herein, which functions as a caspase cascade
activator and inducer of apoptosis or mhibitor of tubulin
polymerization, in combination with at least one known
COX-2 mhibitor, or a pharmaceutically acceptable salt of said
inhibitor. Examples of known COX-2 inhibitors which can be
used for combination therapy include, but are not limited to,
celecoxib, valecoxib, and rofecoxib.

Another embodiment of the present invention 1s directed to
a composition elfective to inhibit neoplasia comprising a
bioconjugate of a compound described herein, which func-
tions as a caspase cascade activator and imnducer of apoptosis
or inhibitor of tubulin polymerization, 1n bioconjugation with
at least one known therapeutically useful antibody, such as
Herceptin® (trastuzumab) or Rituxan® (rituximab), growth
factors, such as DGF, NGF; cytokines, such as I1L-2, IL-4, or
any molecule that binds to the cell surface. The antibodies and
other molecules will deliver a compound described herein to
its targets and make it an effective anticancer agent. The
bioconjugates could also enhance the anticancer effect of
therapeutically useful antibodies, such as Herceptin® (tras-
tuzumab) or Rituxan® (rituximab).

Similarly, another embodiment of the present invention 1s
directed to a composition etlective to mhibit neoplasia com-
prising a compound, or a pharmaceutically acceptable salt or
prodrug of a compound described herein, which functions as
a caspase cascade activator and inducer of apoptosis or inhibi-
tor of tubulin polymerization, 1n combination with radiation
therapy. In this embodiment, the compound of the invention
may be administered at the same time as the radiation therapy
1s administered or at a different time.

Yet another embodiment of the present invention 1s
directed to a composition effective for post-surgical treatment
of cancer, comprising a compound, or a pharmaceutically
acceptable salt or prodrug of a compound described herein,
which functions as a caspase cascade activator and inducer of
apoptosis or mnhibitor of tubulin polymerization. The mven-
tion also relates to a method of treating cancer by surgically
removing the cancer and then treating the animal with one of
the pharmaceutical compositions described herein.

A wide range of immune mechanisms operate rapidly fol-
lowing exposure to an infectious agent. Depending on the
type of infection, rapid clonal expansion of the T and B
lymphocytes occurs to combat the infection. The elimination
of the effector cells following an infection 1s one of the major
mechanisms for maintaining immune homeostasis. The
climination of the effector cells has been shown to be regu-
lated by apoptosis. Autoimmune diseases have lately been
determined to occur as a consequence of deregulated cell
death. In certain autoimmune diseases, the immune system
directs its powerful cytotoxic effector mechanisms against
specialized cells, such as oligodendrocytes 1n multiple scle-
rosis, the beta cells of the pancreas 1n diabetes mellitus, and
thyrocytes in Hashimoto’s thyroiditis (Ohsako, S. & Elkon,
K. B., Cell Death Differ. 6:13-21 (1999)). Mutations of the
gene encoding the lvmphocyte apoptosis receptor Fas/ APO-
1/CID95 are reported to be associated with defective lympho-
cyte apoptosis and autoirmmune lymphoproliferative syn-
drome (ALPS), which 1s characterized by chronic,
histologically benign splenomegaly, generalized lvmphaden-
opathy, hypergammaglobulinemia, and autoantibody forma-

tion. (Infante, A. J., etal., J. Pediatr. 133:629-633 (1998) and
Vaishnaw, A. K., etal., J Clin. Invest. 103:355-363 (1999)). 1t
was reported that overexpression of Bcl-2, which 1s a member
of the bcl-2 gene family of programmed cell death regulators
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with anti-apoptotic activity, in developing B cells of trans-
genic mice, in the presence ol T cell dependent costimulatory
signals, results in the generation of a modified B cell reper-

toire and 1n the production of pathogenic autoantibodies (Lo-
pez-Hoyos, M., et al., Int. J. Mol. Med. 1:475-483 (1998)). It

1s therefore evident that many types of autoimmune disease
are caused by defects of the apoptotic process. One treatment
strategy for such diseases 1s to turn on apoptosis 1n the lym-
phocytes that are causing the autoimmune disease (O’ Reilly,
L. A. & Strasser, A., Inflamm. Res. 48:5-21 (1999)).

Fas-Fas ligand (FasL) interaction 1s known to be required
for the maintenance of immune homeostasis. Experimental
autormmune thyroiditis (EAT), characterized by autoreactive
T and B cell responses and a marked lymphocytic infiltration

of the thyroid, 1s a good model to study the therapeutic etfects
of FasL. Batteux, F., etal., (J. Immunol. 162:603-608 (1999))
reported that by direct injection of DNA expression vectors
encoding FasL into the inflamed thyroid, the development of
lymphocytic infiltration of the thyroid was inhibited and
induction of infiltrating T cells death was observed. These
results show that FasL. expression on thyrocytes may have a
curative eifect on ongoing EAT by inducing death of patho-
genic autoreactive infiltrating T lymphocytes.

Bisindolylmaleimide VIII 1s known to potentiate Fas-me-
diated apoptosis in human astrocytoma 1321N1 cells and 1n
Molt-4T cells; both of which were resistant to apoptosis
induced by anti-Fas antibody 1n the absence of bisindolylma-
leimide VIII. Potentiation of Fas-mediated apoptosis by bis-
indolylmaleimide VIII was reported to be selective for acti-
vated, rather than non-activated, T cells, and was Fas-
dependent. Zhou T., et al., (Nat. Med. 5:42-48 (1999))
reported that administration of bisindolylmaleimide VIII to
rats during autoantigen stimulation prevented the develop-
ment of symptoms of T cell-mediated autoimmune diseases
in two models, the Lewis rat model of experimental allergic
encephalitis and the Lewis adjuvant arthritis model. There-
fore, the application of a Fas-dependent apoptosis enhancer,
such as bisindolylmaleimide VIII, may be therapeutically
usetul for the more effective elimination of detrimental cells
and 1nhlibition of T cell-mediated autoimmune diseases.
Therefore, an effective amount of a compound, or a pharma-
ceutically acceptable salt or prodrug of the compound of
Formulae I-11I, which functions as a caspase cascade activator
and inducer of apoptosis, 1s an effective treatment for autoim-
mune diseases.

Psoriasis 1s a chronic skin disease that 1s characterized by
scaly red patches. Psoralen plus ultraviolet A (PUVA) 1s a
widely used and effective treatment for psoriasis vulgarism
Coven, et al., Photodermatol. Photoimmunol. Photomed.
15:22-27 (1999), reported that lymphocytes treated with pso-
ralen 8-MOP or TMP and UVA, displayed DNA degradation
patterns typical of apoptotic cell death. Ozawa, et al., J. Exp.
Med. 189:711-718 (1999) reported that induction of T cell
apoptosis could be the main mechanism by which 312-nm
UVB resolves psoriasis skin lesions. Low doses of methotr-
exate may be used to treat psoriasis to restore a clinically
normal skin. Heenen, et al., Arch. Dermatol. Res. 290:240-
245 (1998), reported that low doses of methotrexate may
induce apoptosis and that this mode of action could explain
the reduction 1n epidermal hyperplasia during treatment of
psoriasis with methotrexate. Therefore, an effective amount
of a compound, or a pharmaceutically acceptable salt or pro-
drug of the compound of Formulae I-111, which functions as a
caspase cascade activator and inducer of apoptosis, 1s an
elfective treatment for hyperproliferative skin diseases, such
as Psoriasis.
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Synovial cell hyperplasia 1s a characteristic of patients with
rheumatoid arthritis (RA). It 1s believed that excessive prolit-
cration of RA synovial cells, as well as defects in synovial cell
death, may be responsible for synovial cell hyperplasia. Wak-
1saka, et al., Clin. Exp. Immunol. 114:119-128 (1 998), found
that although RA synowvial cells could die via apoptosis
through a Fas/FasL pathway, apoptosis of synovial cells was
inhibited by proimnflammatory cytokines present within the
synovium. Wakisaka, et al. also suggested that inhibition of
apoptosis by the proinflammatory cytokines may contribute
to the outgrowth of synovial cells, and lead to pannus forma-
tion and the destruction of joints 1n patients with RA. There-
fore, an effective amount of a compound, or a pharmaceuti-
cally acceptable salt or prodrug of the compound of Formulae
I-III, which functions as a caspase cascade activator and
inducer of apoptosis, 1s an effective treatment for rheumatoid
arthritis.

There has been an accumulation of convincing evidence
that apoptosis plays a major role 1n promoting resolution of
the acute inflammatory response. Neutrophils are constitu-
tively programmed to undergo apoptosis, thus limiting their
pro-inflammatory potential and leading to rapid, specific, and
non-phlogistic recognition by macrophages and semi-profes-

sional phagocytes (Savill, J., J Leukoc. Biol 61:375-380
(1997)). Boirvant, et al., Gastroenterology 116:357-565
(1999), reported that lamina propria T cells, 1solated from
areas of inflammation in Crohn’s disease, ulcerative colitis,
and other inflammatory states, manifest decreased CD2 path-
way-induced apoptosis. In addition, studies of cells from
inflamed Crohn’s disease tissue indicate that this defect is
accompanied by elevated Bcl-2 levels. Therefore, an effective
amount of a compound, or a pharmaceutically acceptable salt
or prodrug of the compound of Formulae I-I1I, which func-
tions as a caspase cascade activator and inducer of apoptosis,
1s an ellective treatment for mflammation.

Caspase cascade activators and inducers of apoptosis may
also be a desirable therapy 1n the elimination of pathogens,
such as HIV, Hepatitis C and other viral pathogens. The long
lasting quiecence, followed by disease progression, may be
explained by an anti-apoptotic mechanism of these pathogens
leading to persistent cellular reservoirs of the virions. It has
been reported that HIV-1infected T leukemia cells or periph-
eral blood mononuclear cells (PBMCs) underwent enhanced
viral replication in the presence of the caspase inhibitor
/-VAD-tmk. Furthermore, Z-VAD-imk also stimulated
endogenous virus production 1n activated PBMCs dertved
from HIV-1-infected asymptomatic individuals (Chinnaiyan,
A., et al., Nat. Med. 3:333 (1997)). Therefore, apoptosis
serves as a beneficial host mechanism to limait the spread of
HIV and new therapeutics using caspase/apoptosis activators
are useful to clear viral reservoirs from the infected individu-
als. Similarly, HCV infection also triggers anti-apoptotic
mechanisms to evade the host’s immune surveillance leading,
to viral persistence and hepatocarcinogenesis (Tai, D. 1., et al.
Hepatology 3:656-64 (2000)). Theretore, apoptosis inducers
are useful as therapeutics for HIV, HCV, HBV, and other
infectious disease.

Stent implantation has become the new standard angio-
plasty procedure. However, in-stent restenosis remains the
major limitation of coronary stenting. New approaches have
been developed to target pharmacological modulation of
local vascular biology by local administration of drugs. This
allows for drug applications at the precise site and time of
vessel mjury. Numerous pharmacological agents with anti-
proliferative properties are currently under clinical investiga-
tion, including actinomycin D, rapamycin or paclitaxel
coated stents (Regar E., et al., Br. Med. Bull. 59:22°7-248
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(2001)). Therefore, apoptosis inducers, which are antiprolif-
erative, are usetul as therapeutics for the prevention or reduc-
tion of in-stent restenosis.

Compounds of the present invention are potent and highly
eilicacious activators of caspase-3, inhibitors of tubulin poly-
merization, and inhibitors of topoisomerase even in drug
resistant cancer cells, which enables these compounds to
inhibit the growth and proliferation of drug resistant cancer
cells, and to cause apoptosis and cell death 1n the drug resis-
tant cancer cells. Specifically, the compounds of the present
invention are not substrates for the MDR transporters such as
Pgp-1 (MDR-1), MRP-1 and BCRP. This 1s particularly sur-
prising in view of the fact that almost all of the commercially
available tubulin-interacting chemotherapeutics are sub-
strates for multidrug resistance transporters (MDRs).

Multidrug resistance 1s the major cause of chemotherapy
failure. Drug resistance 1s typically caused by ATP-dependent
elflux of drug from cells by ATP-binding cassette (ABC)
transporters. In particular, the ABC transporters ABCBI
(MDR-1, P glycoprotein); ABCC1 (MRP1); and ABCG?2
(BCRP, MXR) are typically over-expressed 1n drug resistant
tumors and thus are implicated 1n drug resistance. In com-
parison to most standard anti-cancer drugs, which are not
elfective 1n killing drug resistant cancer cells, the compounds
of the present invention are eifective in killing drug resistant
cancer cells. Therefore, compounds of this invention are use-
tul for the treatment of drug resistant cancer.

Thus, another aspect of the present invention 1s the appli-
cation of the methods and compounds of the present invention
as described above to tumors that have acquired resistance to
other anticancer drugs. In one embodiment, a compound of
the present invention 1s administered to a cancer patient who
has been treated with another anti-cancer drug. In another
embodiment, a compound of the present invention 1s admin-
istered to a patient who has been treated with and 1s not
responsive to another anti-cancer drug or developed resis-
tance to such other anti-cancer compound. In another
embodiment, a compound of the present invention 1s admin-
istered to a patient who has been treated with another anti-
cancer drug and 1s refractory to said other anti-cancer drug.
The compounds of the present invention can be used 1n treat-
Ing cancer 1n a patient who 1s not responsive or 1s resistant to
any other anti-cancer agent. Examples of such other anti-
cancer agent may include alkylating agents, antimitotic
agents, topo I inhibitors, topo II ihibitors, RNA/DNA anti-
metabolites, EGFR 1nhibitors, angiogenesis inhibitors, tubu-
lin inhibitors (e.g., vinblastine, Taxol® (paclitaxel), and ana-
logues thereof), proteosome inhibitors, etc., some of the
exemplary compounds of which are provided above and are
general known 1n the art, e.g., melphalan, chlorambucil,
cyclophosamide, ifosfamide, vincristine, mitoguazone, epi-
rubicin, aclarubicin, bleomycin, mitoxantrone, elliptinium,
fludarabine, octreotide, retinoic acid, tamoxiten, Gleevec®
(1matinib mesylate) and alanosine. The compounds can be
used 1n treating patients having any type of diseases respon-
stve to the inhibition of tubulin or inhibition of topoisomerase
(1including but not limited to the types of cancer described
above) who are not responsive or become resistant to another
therapeutic agent, ¢.g., another anti-cancer agent.

Pharmaceutical compositions within the scope of this
invention include all compositions wherein the compounds of
the present mvention are contained 1n an amount that 1s effec-
tive to achieve 1ts intended purpose. While individual needs
vary, determination of optimal ranges of effective amounts of
cach component 1s within the skill of the art. Typically, the
compounds may be administered to amimals, e.g., mammals,
orally ata dose 010.0025 to S0 mg/kg of body weight, per day,
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or an equivalent amount of the pharmaceutically acceptable
salt thereot, to a mammal being treated. Preferably, approxi-
mately 0.01 to approximately 10 mg/kg of body weight 1s
orally administered. For intramuscular injection, the dose 1s
generally approximately one-halt of the oral dose. For
example, a suitable mtramuscular dose would be approxi-
mately 0.0025 to approximately 25 mg/kg of body weight,
and most preferably, from approximately 0.01 to approxi-
mately 5 mg/kg of body weight. If a known cancer chemo-
therapeutic agent 1s also administered, 1t 1s administered 1n an
amount that 1s effective to achieve 1ts intended purpose. The
amounts of such known cancer chemotherapeutic agents
elfective for cancer are well known to those skilled in the art.

The unit oral dose may comprise from approximately 0.01
to approximately 50 mg, preferably approximately 0.1 to
approximately 10 mg of the compound of the invention. The
unit dose may be administered one or more times daily, as one
or more tablets, each containing from approximately 0.1 to

approximately 10 mg, convemently approximately 0.25 to 50
mg of the compound or 1ts solvates.

In a topical formulation, the compound may be present at a
concentration of approximately 0.01 to 100 mg per gram of
carrietr.

In addition to adminmistering the compound as a raw chemi-
cal, the compounds of the invention may be administered as
part of a pharmaceutical preparation containing suitable phar-
maceutically acceptable carriers comprising excipients and
auxiliaries, which facilitate processing of the compounds into
preparations that may be used pharmaceutically. Preferably,
the preparations, particularly those preparations which may
be administered orally and that may be used for the preferred
type of administration, such as tablets, dragees, and capsules,
and also preparations that may be administered rectally, such
as suppositories, as well as suitable solutions for administra-
tion by injection or orally, contain from approximately 0.01 to
99 percent, preferably from approximately 0.25 to 75 percent
of active compound(s), together with the excipient.

Also included within the scope of the present invention are
the non-toxic pharmaceutically acceptable salts of the com-
pounds of the present mvention. Acid addition salts are
formed by mixing a solution of the compounds of the present
invention with a solution of a pharmaceutically acceptable
non-toxic acid, such as hydrochloric acid, fumaric acid,
maleic acid, succinic acid, acetic acid, citric acid, tartaric
acid, carbonic acid, phosphoric acid, oxalic acid, and the like.
Basic salts are formed by mixing a solution of the compounds
ol the present invention with a solution of a pharmaceutically
acceptable non-toxic base, such as sodium hydroxide, potas-
sium hydroxide, choline hydroxide, sodium carbonate, Tris,
N-methyl-glucamine and the like.

The pharmaceutical compositions of the invention may be
administered to any animal, which may experience the ben-
eficial effects of the compounds of the invention. Foremost
among such animals are mammals, e.g., humans and veteri-
nary animals, although the invention 1s not intended to be so
limited.

The pharmaceutical compositions of the present invention
may be administered by any means that achieve their intended
purpose. For example, administration may be by parenteral,
subcutaneous, intravenous, intramuscular, intraperitoneal,
transdermal, buccal, intrathecal, intracranial, intranasal or
topical routes. Alternatively, or concurrently, administration
may be by the oral route. The dosage administered will be
dependent upon the age, health, and weight of the recipient,
kind of concurrent treatment, 11 any, frequency of treatment,
and the nature of the effect desired.
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The pharmaceutical preparations of the present invention
are manufactured in a manner, which 1s itself known, e.g., by
means of conventional mixing, granulating, dragee-making,
dissolving, or lyophilizing processes. Thus, pharmaceutical
preparations for oral use may be obtained by combining the
active compounds with solid excipients, optionally grinding
the resulting mixture and processing the mixture of granules,
alter adding suitable auxiliaries, 1f desired or necessary, to
obtain tablets or dragee cores.

Suitable excipients are, in particular: fillers, such as sac-
charides, ¢.g. lactose or sucrose, mannitol or sorbitol; cellu-
lose preparations and/or calctum phosphates, e.g. tricalcium
phosphate or calctum hydrogen phosphate; as well as binders,
such as starch paste, using, e.g., maize starch, wheat starch,
rice starch, potato starch, gelatin, tragacanth, methyl cellu-
lose, hydroxypropylmethylcellulose, sodium carboxymeth-
ylcellulose, and/or polyvinyl pyrrolidone. If desired, disinte-
grating agents may be added, such as the above-mentioned
starches and also carboxymethyl-starch, cross-linked polyvi-
nyl pyrrolidone, agar, or alginic acid or a salt thereot, such as
sodium alginate. Auxiliaries are, above all, flow-regulating
agents and lubricants, e.g., silica, talc, stearic acid or salts
thereol, such as magnesium stearate or calcium stearate, and/
or polyethylene glycol. Dragee cores are provided with suit-
able coatings which, if desired, are resistant to gastric juices.
For this purpose, concentrated saccharide solutions may be
used, which may optionally contain gum arabic, talc, polyvi-
nyl pyrrolidone, polyethylene glycol and/or titantum dioxide,
lacquer solutions and suitable organic solvents or solvent
mixtures. In order to produce coatings resistant to gastric
juices, solutions of suitable cellulose preparations, such as
acetylcellulose phthalate or hydroxypropymethyl-cellulose
phthalate, are used. Dye stuils or pigments may be added to
the tablets or dragee coatings, e.g., for 1dentification or in
order to characterize combinations of active compound
doses.

Other pharmaceutical preparations, which may be used
orally include push-fit capsules made of gelatin, as well as
solit, sealed capsules made of gelatin and a plasticizer, such as
glycerol or sorbitol. The push-fit capsules may contain the
active compounds 1n the form of: granules, which may be
mixed with fillers, such as lactose; binders, such as starches;
and/or lubricants, such as talc or magnesium stearate and,
optionally, stabilizers. In soft capsules, the active compounds

are preferably dissolved or suspended 1n suitable liquids, such
as fatty oils, or liquid parailin. In addition, stabilizers may be
added.

Possible pharmaceutical preparations, which may be used
rectally include, e.g., suppositories, which consist of a com-
bination of one or more of the active compounds with a
suppository base. Suitable suppository bases are, e.g., natural
or synthetic triglycerides, or paraifin hydrocarbons. In addi-
tion, 1t 1s also possible to use gelatin rectal capsules, which
consist of a combination of the active compounds with a base.
Possible base materials include, e.g., liqmd triglycerides,
polyethylene glycols, or paratiin hydrocarbons.

Suitable formulations for parenteral administration
include aqueous solutions of the active compounds 1n water-
soluble form, e.g., water-soluble salts and alkaline solutions.
In addition, suspensions of the active compounds as appro-
priate oily 1njection suspensions may be admimstered. Suit-
able lipophilic solvents or vehicles include fatty oils, e.g.,
sesame o1l, or synthetic fatty acid esters, e.g., ethyl oleate or
triglycerides or polyethylene glycol-400, or cremophor, or
cyclodextrins. Aqueous 1njection suspensions may contain
substances which increase the viscosity of the suspension
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include, e.g., sodium carboxymethyl cellulose, sorbitol, and/
or dextran. Optionally, the suspension may also contain sta-
bilizers.

In accordance with one aspect of the present invention,
compounds of the mvention are employed in topical and
parenteral formulations and are used for the treatment of skin
cancer.

The topical compositions of this mnvention are formulated
preferably as oils, creams, lotions, omntments and the like by
choice of appropriate carriers. Suitable carriers include veg-
ctable or mineral o1ls, white petrolatum (white soft parailin),
branched chain fats or oils, animal fats and high molecular
weight alcohol (greater than C, ,). The preferred carriers are
those 1n which the active ingredient 1s soluble. Emulsifiers,
stabilizers, humectants and antioxidants may also be
included, as well as agents imparting color or fragrance, if
desired. Additionally, transdermal penetration enhancers
may be employed in these topical formulations. Examples of
such enhancers are found 1n U.S. Pat. Nos. 3,989,816 and
4,444,762,

Creams are preferably formulated from a mixture of min-
eral o1l, self-emulsifying beeswax and water in which mixture
of the active ingredient, dissolved 1n a small amount of an o1l,
such as almond o1l, 1s admixed. A typical example of such a
cream 1s one which includes approximately 40 parts water,
approximately 20 parts beeswax, approximately 40 parts
mineral o1l and approximately 1 part almond o1l.

Ointments may be formulated by mixing a solution of the
active ingredient 1n a vegetable o1l, such as almond o1l, with
warm solt paraifin and allowing the mixture to cool. A typical
example of such an omtment 1s one which includes approxi-
mately 30% almond o1l and approximately 70% white soft
paraifin by weight.

The following examples are illustrative, but not limiting, of

the method and compositions of the present invention. Other
suitable modifications and adaptations of the variety of con-
ditions and parameters normally encountered in clinical
therapy and which are obvious to those skilled in the art are
within the spirit and scope of the invention.

EXAMPLE 1

\N/

/\)\N
g

A

(2-Chloro-quinazolin-4-y1)-(4-methoxy-phenyl )-
methyl-amine

=
A
\N

a) 2,4-Dichloroquinazoline: A suspension of 2,4-quinazo-
linedione (5.0 g, 30.8 mmol) in neat phosphorylchloride (50
ml.) was heated under retlux for 18 h. The reaction mixture
was concentrated under vacuum. The crude product was puri-
fied by chromatography (Silica gel) using ethyl acetate and
hexane (1:4) to give 2,4-dichloroquinazoline as white solid
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(4.8 g, 96%). "HNMR (CDCl,): 8.29 (ddd, J=8.4, 2.1 and 0.9
Hz, 1H), 8.04-8.00 (m, 2H), 7.75 (ddd, J=8.1, 4.8 and 3.0 Hz,
1H).

b) (2-Chloro-quinazolin-4-yl)-(4-methoxy-phenyl)-me-
thyl-amine: A solution of 2.,4-dichloroquinazoline (300 mg,
1.51 mmol) and 4-methoxy-N-methylaniline (248 mg, 1.81
mmol) 1 5 ml 1sopropanol with a drop of concentrated HCI
was stirred at room temperature for 8 h. White precipitates
were observed i the reaction mixture. The reaction was
filtered, and the solid was washed with 1sopropanol, and dried

under vacuum to give white powder (260 mg, 87%). "H NMR
(CDCIl,): 8.66 (dd, J=8.4 and 0.9 Hz, 1H), 7.75 (ddd, J=8.1,

7.5 and 0.9 Hz, 1H), 7.26-7.19 (m, 3H), 7.14 (ddd, =8.1, 7.5,
0.9 Hz, 1H), 7.06 (dd, 1=6.9 and 2.4 Hz, 2H), 6.75 (d. J=8.7
Hz, 1H), 3.91 (s, 3H), 3.81 (s, 3H).

EXAMPLE 2
SN
7N
A J\
\ N Cl

(2-Chloro-quinazolin-4-yl)-(4-methyl-phenyl)-me-
thyl-amine

The title compound was prepared from 2,4-dichloro-
quinazoline (250 mg, 1.25 mmol) and 4-methyl-N-methyla-
niline (196 mg, 1.43 mmol) by a procedure similar to example
1b and was isolated as white powder (210 mg, 84%). '"HNMR
(CDCl,): 8.69 (d, J=8.4 Hz, 1H), 7.75 (dd, J=8.1 and 7.5 Hz,
1H), 7.39 (d, J=7.8 Hz, 2H), 7.25 (d, J=7.8 Hz, 2H), 7.13 (d,
J=8.2 Hz, 1H), 6.74 (d, J=8.7 Hz, 1H), 3.81 (s, 3H), 2.49 (s,
3H).

EXAMPLE 3
]
B
\N/ L

PN
o~

Y
) P

N

(2-Chloro-quinazolin-4-yl)-(4-chloro-phenyl)-me-
thyl-amine

The title compound was prepared from 2,4-dichloro-
quinazoline (60 mg, 0.302 mmol) and 4-chloro-N-methyla-
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niline (50 mg, 0.332 mmol) by a procedure similar to example
1b and was isolated as white powder (30 mg, 50%). 'H NMR

(CDCl,): 8.66(d,J=8.4 Hz, 1H), 7.78 (ddd, J=8.1, 7.5 and 2 .4
Hz, 1H),7.57 (d, J=8.7 Hz, 2H), 7.28 (d, J=8.7 Hz, 2H), 7.19
(ddd,J=8.1,7.5and 2.4 Hz, 1H), 6.79 (d, J=8.4 Hz, 1H), 3.83
(s, 3H).

EXAMPLE 4

/
A

Z
A
\N

(2-Chloro-quinazolin-4-yl)-(4-trifluoromethoxy-
phenyl)-methyl-amine

The title compound was prepared from 2.4-dichloro-
quinazoline (30 mg, 0.251 mmol) and 4-trifluoromethoxy-N-
methylaniline (20 ul, 0.302 mmol) by a procedure similar to
example 1b and was 1solated as white powder (22 mg, 44%).
'"H NMR (CDCl,): 7.93 (dd, J=8.4, and 0.6 Hz, 1H), 7.61
(ddd, J=8.4, 4.5 and 1.2 Hz, 1H), 7.29-7.22 (m, 4H), 7.06
(ddd, J=8.4,4.5and 1.2 Hz, 1H), 6.91 (d, J=8.7 Hz, 1H), 3.65
(s, 3H).

EXAMPLE 3
O
\N
= )\N
S /“\ OH
X \N Ex

N>-Hydroxyl-N*-(4-methoxy-phenyl)-N*-methy]l-
quinazoline-2,4-diamine

A mixture of (2-chloro-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine (15 mg, 0.050 mmol) and hydroxylamine
hydrochloride (6.7 mg, 0.10 mmol) 1n 1sopropanol was heated
by microwave at 130° C. for 20 min. The solvent was evapo-
rated under reduced pressure. The product was 1solated by

preparative TLC as white solid (6 mg, 40%) using acetone:
hexane (1:1) as eluent. 'H NMR (CDCl,): 7.65 (d, J=8.4 Hz,
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1H), 7.47 (ddd, J=8.4, 6.9 and 1.8 Hz, 1H), 7.08 (d, ]=8.7 Hz,
2H), 6.94 (d, J=8.7 Hz, 2H), 6.88-6.75 (m, 2H), 3.86 (s, 3H),
3.48 (s, 3H).

EXAMPLE 6

s W

A

%\N
\N O

RN
G

(4-Methoxy-phenyl)-methyl-(2-morpholin-4-yl-
quinazolin-4-yl)-amine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(4-methoxy-phenyl)-methyl-amine (15 mg, 0.050
mmol) and morpholine (30 ul) by a procedure similar to
example 5 and was 1solated as white powder (10 mg, 66%).
"H NMR (CDCl,): 7.46 (d, J=8.4 Hz, 1H), 7.35 (ddd, J=8 4,
6.6 and 1.5 Hz, 1H), 7.13-7.07 (m, 2H), 6.91-6.85 (m, 3H),
6.67 (ddd, J=8.4, 6.6 and 1.5 Hz, 1H), 3.94-3.90 (m, 4H),
3.85-3.81 (m, 7H), 3.52 (s, 3H).

EXAMPLE 7

P

NN

\/\N/

/\)\\\N
AN

2-Chloro-gquinazolin-4-v)-(6-methoxv-pyridin-3-
q y Y-PY
yl)-methyl-amine

To a solution of (2-chloro-quinazolin-4-yl)-(6-methoxy-
pyridin-3-yl)-amine (19.4 mg, 0.068 mmol) in 1 mL of DMF
cooled at 0° C. was added methyl1odide (100 uL, 1.61 mmol),
followed by sodium hydride (60% o1l suspension, 5 mg, 0.13
mmol). The mixture was stirred at 0° C. for 1 h, then allowed
to warm to room temperature and stirred for 1 h. The reaction
mixture was quenched by adding 50 uLL of water, diluted with
25 mL of ethyl acetate, washed with water (25 mLx3), satu-
rated NaCl, dried over anhydrous MgSO,, filtered and con-
centrated. The residue was purified by chromatography (20%

cthyl acetate/hexanes) to give the title compound (14.3 mg,
0.048 mmol, 70%). '"HNMR (CDCl,) 8.06 (d, J=2.7 Hz, 1H),

7.57-7.79 (m, 1H),7.60 (ddd, J=8.1, 6.6 and 1.2 Hz, 1H), 7.44
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(dd, 1=8.7 and 2.7 Hz, 1H), 7.09 (ddd, J=8.1, 6.6 and 1.2 Hz,
1H), 6.99-7.02 (m, 1H), 6.82 (dd, J=8.7 and 0.6 Hz, 1H), 3.97
(s, 3H), 3.61 (s, 3H).

ZRN
N P

EXAMPL.

wes

N

PN

7

PN
N Cl

L1l

(2-Chloro-quinazolin-4-yl)-ethyl-(4-methoxy-phe-

nyl)-amine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(4-methoxy-phenyl)-amine and ethyl 1odide by a

procedure similar to example 7 (58% vield).

'"H NM

R

(CDCL,): 7.69-7.72 (m, 1H),7.53 (ddd, J=8.1, 6.9 and 1.5 Hz,
1H), 7.09-7.14 (m, 2H), 6.94-6.70 (m, 3H), 6.83-6.87 (m.
1H), 4.13 (q, J=7.2 Hz, 2H), 3.87 (s, 1H), 1.30 (t, J=6.9 Hz,

3H).

-
AN

Van

\

b

Y4

EXAMPL.
l,
X
F

e

Cl

L1

(2-Ch10r0-qu1nazolin-4-yl)-(2,4-dimeth0xy-phenyl)-

methyl-amine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(2,4-dimethoxy-phenyl)-amine and methyl 1odide
by a procedure similar to example 7 (91% yield). '"H NM
(CDCl,): 7.70-7.73 (m, 1H), 7.54 (ddd, J=8.7, 6.3 and 2.1 Hz,
1H),7.10(d, J=8.7Hz, 1H), 6.93-7.23 (i, 2H) 6.50-6.57 (m,

2H), 3.87 (s, 3H), 3.67 (s, 3H), 3.52 (s, 3H).

™~

x

N

7

N

EXAMPL.

™~

N

N

O
Cl

—
—
LS

R

5

40

(2-Chloro-quinazolin-4-yl)-(3-methoxy-phenyl )-
methyl-amine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(3-methoxy-phenyl)-amine and methyl 1odide by a
procedure similar to example 7 (60% yield). '"H NMR
(CDCl,): 7.74-7.776 (m, 1H),7.57 (ddd, J=8.4, 6.0 and 1.8 Hz,
1H), 7.32 (t, JI=7.8 Hz, 1H), 6.98-7.03 (m, 2H), 6.89 (dd,
J=8.1 and 2.4 Hz, 1H), 6.75-6.81 (m, 2H), 3.65 (s, 3H), 3.37

V" (s, 3H).
EXAMPLE 11

15

B
20 N F

=z )\N

|

25 N \\ )\ /
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(2-methoxy-quinazolin-4-yl)-(4-methoxyphenyl )-
methylamine

To a solution of (2-chloro-quinazolin-4-yl)-(4-methoxy-
phenyl)-methyl-amine (30 mg, 0.167 mmol) 1n 2 ml methanol
was added sodium methoxide (500 ul, 25% by wt. 1n metha-
nol). The solution was stirred at 80° C. for 1 h, and 1t was
diluted with 50 ml ethylacetate. The solution was washed
with water, dried and concentrated. The product was purified
using small silica column and isolated as oif white solid (22
mg, 54%). 'H NMR (CDCl,): 7.89 (d, J=8.4 Hz, 1H), 7.53
(ddd, J=8.7, 5.4 and 2.4 Hz, 1H), 7.19-7.14 (m, 2H), 6.99-
6.93 (m, 2H), 6.90-6.85 (m, 2H), 4.14 (s, 3H), 3.86 (s, 3H),
3.64 (s, 3H).

EXAMPLE 12
e
Ny pZ
P \F
\/\ ‘ F

N

(2-Fluoromethyl-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine

a) 2-Fluoromethyl-quinazolin-4(3H)-one: To a solution of
2-amino-benzoic acid methyl ester (151 mg, 1 mmol) and
fluoro-acetonitrile (0.14 ml, 2.5 mmol) in dioxane (5 ml) at
room temperature was added concentrated HCl (0.05 ml)
dropwise. The mixture was heated at 80° C. for 24 h and then
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cooled to room temperature. The resulting solid was collected
and dissolved 1n water (10 ml), and the solution was neutral-
1zed with saturated aqueous NaHCO, to pH 7. The solution
was extracted by ethyl acetate. The extracts were evaporated,
and the residue was purified by column chromatography on
silica gel with ethyl acetate and hexane (1:1) as eluent, yield-
ing 70 mg (39%) of the title compound.

b)  (2-Fluoromethyl-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine: A suspension of 2-fluoromethyl-
quinazolin-4(3H)-one (70 mg, 0.39 mmol) in phosphoryl
chloride (2 ml) and N,N-dimethylaniline (0.035 ml, 0.27
mmol) was heated under reflux for 12 hours. The reaction
mixture was poured onto ice and the precipitate was collected
by filtration, then washed and dried to give 4-chloro-2-fluo-
romethyl-quinazoline, which was used directly for the next
reaction. To a solution of 4-chloro-2-fluoromethyl-quinazo-
line with (4-methoxy-phenyl)-methylamine (160 mg, 1.2
mmol) 1n 1sopropyl alcohol (5 ml) was added concentrated
HC1 (0.05 ml) and the solution was stirred at room tempera-
ture overmght. The solution was neutralized with saturated
aqueous NaHCO,, and was extracted by ethyl acetate. The
extracts were evaporated, and the residue was purified by
column chromatography on silica gel with ethyl acetate and
hexane (1:1) as eluent, yvielding 11 mg (9.5%) of the title
compound. 'HNMR (CDCl,): 7.87-7.84 (m, 1H), 7.60-7.54
(m, 1H),7.14-7.10 (m, 2H), 7.04-7.01 (m, 2H), 6.95-6.91 (m,
2H), 5.60 (s, 1H), 5.44 (s, 1H), 3.85 (s, 3H), 3.60 (s, 3H).

EXAMPL.

(L]

13

A
\N/‘ 7
PN
NN

(2-Chloro-6-methyl-quinazolin-4-yl)-(4-methoxy-
phenyl)-methyl-amine

a) 6-Methyl-quinazoline-2,4-dione: To a suspension of
2-amino-S-methyl benzoic acid (0.758 g, 5 mmol) and potas-
sium cyanate (0.673 g, 8.3 mmol) 1n water (20mlL) was added
acetic acid (0.5 mL). The mixture was stirred at room tem-
perature for 24 h. A white solid was collected by vacuum
filtration, washed with water, and dried in vacuo (0.736 g,
84%): '"H NMR (DMSO-d,) 9.90 (br s, 1H), 827 (d, J=8.4
Hz, 1H),7.70(d, J=1.8 Hz, 1H), 7.29 (dd, J=2.4, 8.7 Hz, 1H),
6.50 (br s, 1H), 2.25 (s, 3H).

b) (2-Chloro-6-methyl-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine: The above 6-methyl-quinazoline-2,4-di-
one (201 mg, 1.14 mmol) and N,N-dimethylaniline (0.2 mL)
were refluxed in phosphorus oxychloride (5 mL) under argon
overnight. The solvent was removed by distillation under
reduced pressure. The purple residue was dissolved 1n 1sopro-
panol (10 mL). N-methyl-p-anisidine (201 mg, 1.465 mmol)
was added. The mixture was stirred at room temperature
overnight. The solvent was evaporated and the residue was
purified by column chromatography (S10,, EtOAc:hexanes
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5-25%) to give the product as a light yellow solid (62 mg,
17%): "H NMR (CDCl,) 7.62 (d, J=8.7 Hz, 1H), 7.38 (dd,
J=1.8, 8.7 Hz, 1H), 7.16-7.10 (m, 2H), 6.89-6.86 (m, 2H),
6.63 (s, 1H), 3.86 (s, 3H), 3.60 (s, 3H), 2.09 (s, 3H).

Compounds of EXAMPLE 14-16 were prepared similar to
Example 13.

EXAMPLE 14
e
N P
7N
RN X J\

(2-Chloro-5-methyl-quinazolin-4-yl)-(4-methoxy-
phenyl)-methyl-amine

a) 5-Methyl-quinazoline-2,4-dione: Off-white solid: 'H
NMR (CDCl;) 11.04 (s, 2H), 7.45 (t, J=7.8 Hz, 1H), 7.01 (d,
J=7.8 Hz, 1H), 6.94 (d, J=7.5 Hz, 1H), 2.65 (s, 3H).

b) (2-Chloro-5-methyl-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine: Light yellow solid: '"H NMR (CDCl,)
7.64-7.61 (m, 1H),7.54 (dd, J=7.2,8.4 Hz, 1H), 6.99-6.96 (m,
1H), 6.75-6.68 (m, 4H), 3.75 (s, 3H), 3.63 (s, 3H), 2.11 (s,
3H).

EXAMPLE 15

C
P

N

P \F
Y\

(2-Chloro-8-methyl-quinazolin-4-yl)-(4-methoxy-
phenyl)-methyl-amine

N

S

a) 8-Methyl-quinazoline-2,4-dione: Light brown solid: 'H
NMR (DMSO-d,) 11.43 (s, 1H), 10.50 (s, 1H), 7.86 (d, J=8.1
Hz, 1H), 7.38 (d, J=7.2 Hz, 1H), 7.19 (t, J=7.8 Hz, 1H), 2.43
(s, 3H).

b) (2-Chloro-8-methyl-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine:
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'H NMR (CDCl,) 7.42-7.39 (m, 1H), 7.14-7.04 (m, 2H),
6.94-6.87 (m, 3H), 6.84 (dd, 1=1.5, 8.4 Hz, 1H), 3.84 (s, 3H).
3.60 (s, 3H), 2.63 (s, 3H).

EXAMPLE 16

Cl\

9

A
\N Cl

AR
P

(2,6-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine

a) 6-Chloro-quinazoline-2,4-dione: white solid: '"H NMR
(DMSO-dy) 11.44 (s, 1H), 11.28 (s, 1H), 7.81 (d, J=2.1 Hz,
1H), 7.69 (dd, J=9.0, 2.1 Hz, 1H), 7.19 (d, J=9.0 Hz, 1H).

b) (2,6-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine:

Yellow solid: 'H NMR (CDCl,) 7.66 (d, J=8.7 Hz, 1H),
7.49(dd,J=2.1,8.7Hz, 1H),7.18-7.12 (m, 2H), 7.02-6.96 (m,
2H), 6.78 (dd, J=0.6, 2.1 Hz, 1H), 3.88 (s, 3H), 3.61 (s, 3H).

EXAMPLE 17
\
N O
\
NN
AN ‘
P N

(4-Methoxy-phenyl)-methyl-(quinolin-4-yl)-amine

A mixture of 4-chloroquinoline (50 mg, 0.31 mmol) and
(4-methoxy-phenyl)-methyl amine (300 mg, 2.2 mmol) was
heated 1n a sealed tube at 140° C. overnight. The crude prod-
uct was purified by chromatography (20-40% ethyl acetate/
hexanes) on silica gel to give the title compound (60 mg, 0.23
mmol, 74%). '"H NMR (CDCl,): 8.77 (d, 1H, J=5.1), 8.00-
8.04 (m, 1H), 7.61-7.64 (m, 1H), 7.55 (ddd, 1H, J=1.5, 6.9,
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8.4),7.22 (ddd, 1H, I=1.5, 6.9, 8.1), 6.99 (d, 1H, ]=4.8), 6.92
(m, 2H), 6.89 (m, 2H), 3.77 (s, 3H), 3.43 (s, 3H).

EXAMPLE 18

0

..—\O
o

Ny F

N
|

Y
NN .

(2-Chloro-quinazolin-4-yl1)-(3.,4-methylenedioxyphe-
nyl)-methyl-amine

a) (2-Chloro-quinazolin-4-yl1)-(3,4-methylenedioxyphe-
nyl)-amine: The title compound was prepared from 3,4-me-
thylenedioxyphenylamine and 2,4-dichloroquinazoline by a
procedure similar to example 1b and was 1solated as solids
(45% yield). ' HNMR (CDCl,): 7.81-7.83 (m, 3H), 7.51-7.56
(m,2H),7.44(d,1H,J=2.1),6.98(dd, 1H,J=2.1,8.1),6.82 (d,
1H, J=8.1), 6.01 (s, 2H).

b). (2-Chloro-quinazolin-4-yl)-(3,4-methylenedioxyphe-
nyl)-methyl-amine: The title compound was prepared from
(2-chloro-quinazolin-4-y1)-(3,4-methylenedioxyphenyl)-
amine by a procedure similar to example 36 and was 1solated
as solids (66% yield). "H NMR (CDCl,): 7.73-7.76 (m, 1H),
7.58 (m, 1H), 7.07 (m, 2H), 6.82 (d, 1H, J=8.4), 6.72 (m, 1H),
6.68 (m, 1H), 6.06 (s, 2H), 3.59 (s, 3H).

Compounds of EXAMPLES 19 and 20 were prepared
similar to Example 18.

EXAMPLE 19

o

‘ N
NN

N
|

F
A
\N Cl

R
NP

(2-Chloro-quinazolin-4-yl)-(3,4-dimethoxy-phenyl)-
methyl-amine

a) (2-Chloro-quinazolin-4-vy1)-(3,4-dimethoxy-phenyl)-
amine: 'H NMR (CDC]l,): 7.77-7.86 (m, 3H), 7.51-7.60 (m,
3H), 7.12 (dd, 1H, J=2.4, 8.4), 6.90 (d, 1H, J=8.4), 3.94 (s,
3H), 3.91 (s, 3H).

b). (2-Chloro-quinazolin-4-yl)-(3,4-dimethoxy-phenyl)-
methyl-amine: 'H NMR (CDCl,): 7.72-7.75 (m, 1H), 7.57
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(ddd, 1H, J=1.5, 6.6, 8.4), 7.01 (ddd, 1H, J=1.2, 6.9, 8.7),
6.88-6.96 (m, 2H), 6.73-6.81 (m, 2H), 3.94 (s, 3H), 3.80 (s,
3H), 3.63 (s, 3H).

EXAMPLE 20
8
NN
/\)\N
|
\/\\\N)\Cl

(2-Chloro-quinazolin-4-y1)-(4-propoxy-phenyl )-me-
thyl-amine

a) (2-Chloro-quinazolin-4-yl)-(4-propoxy-phenyl)-amine:
'"H NMR (CDCL,): 7.76-7.84 (m, 3H), 7.52-7.62 (m, 4H),
6.95 (m, 2H), 3.94 (t, 2H, J=6.6), 1.83 (hex, 2H, J=7.2), 1.05
(t, 3H, J=7.5)

b) (2-Chloro-quinazolin-4-yl)-(4-propoxy-phenyl)-me-
thyl-amine: "HNMR (CDCl,): 7.71-7.74 (m, 1H), 7.55 (ddd,
1H, J=1.5,6.9,8.4),7.10-7.16 (m, 2H), 7.00 (ddd, 1H, J=1.5,
6.9, 8.4), 6.91-6.96 (m, 3H), 3.96 (t, 2H, J=6.6), 1.84 (hex,
2H, I=7.5), 1.08 (t, 3H, I=7.5).

EXAMPL.

O

21

(Ll

Sy

)\N
A
N

RN
N

SN

-Methoxy-phenyl)-methyl-( Z-methyl-quinazolin-4-
(4-Methoxy-phenyl) hyl-(2 hyl-qua lin-4
yl)-amine hydrochloride

a) 4-Chloro-2-methyl-quinazoline: A stirred suspension of
2-methyl-4(3H)-quinazolinone (5 g, 31.2 mmol) in POCI,
(100 mL ) was heated at 120° C. for 3 h. The excess POCI, was
removed under vacuum, then to the residue was added
crushed ice and 200 mL of saturated NaHCO,, and the mix-
ture was extracted with ethyl acetate (200 mLx2). The com-
bined extracts were washed with water, saturated Na(l, dried
over anhydrous MgSQO,, filtered and concentrated. The crude
product was purified by column chromatography (5-8% ethyl
acetate/hexane) to give the title compound (2.5 g, 14.0 mmol,
45%). 'H NMR (CDCl,): 8.21-8.25 (m, 1H), 7.89-7.99 (m,
2H), 7.66 (ddd, 1H, J=1.8, 6.6, 8.7), 2.87 (s, 3H).

b) (4-Methoxy-phenyl)-methyl-(2-methyl-quinazolin-4-
yl)-amine hydrochloride: The title compound was prepared
from 4-chloro-2-methyl-quinazoline (2.31 g, 12.9 mmol) and
(4-methoxy phenyl)-methyl-amine (2.0 g, 14.6 mmol) by a
procedure similar to example 1b and was 1solated as solids
(2.90 g, 9.18 mmol, 71%). "H NMR (CDC]l,): 8.53 (dd, 1H,
J1=0.6,8.1), 7.7 (ddd, 1H, J=1.2, 7.2, 8.4), 7.22 (m, 2H), 7.13
(ddd, 1H, J=1.2, 7.2, 8.7), 7.05 (m, 2H), 6.76 (d, 1H, J=8.7),
3.91 (s, 3H), 3.78 (s, 3H), 2.96 (s, 3H).
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EXAMPLE 22
I
Bt
H3C*\N P
= )\N
|
X \\\N)\/Cl

(2-Chloromethyl-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine

a) 2-Chloromethyl-quinazolin-4(3H)-one: To a solution of
2-amino-benzoic acid methyl ester (0.26 ml, 2 mmol) and
chloro-acetonitrile (0.16 ml, 4.0 mmol) 1n dioxane (8 ml) at
room temperature was added concentrated HCI1 (1.0ml) drop-
wise. The mixture was heated at 80° C. for 24 h and then
cooled to room temperature. The resulting solid was collected
and dissolved 1n water (10 ml), and the solution was neutral-
1zed with 2 N NaOH aqueous to pH 7. The precipitation was
collected by filtration, then washed with water and dried to
give 309 mg (79.6%) of the title compound.

b)  (2-Chloromethyl-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine: A mixture of 2-chloromethyl-quinazo-
lin-4(3H)-one (256 mg, 1.32 mmol), phosphoryl chloride
(1.23 ml, 13.2 mmol) and N,N-dimethylaniline (0.34 ml, 2.64
mmol) in chloroform (10 ml) was heated under retlux for 4 h.
The reaction mixture was poured onto i1ce and extracted by
cthyl acetate. The solvent was evaporated, and the residue
was purilied by column chromatography on silica gel with
acetate and hexane (1:1) as eluent, yielding 180 mg of
4-chloro-2-chloromethyl-quinazoline. The intermediate (170
mg, 0.80 mmol) and (4-methoxy-phenyl)-methylamine
(131.7 mg, 0.96 mmol) in 1sopropyl alcohol (5 ml) with
concentrated HCI (0.05 ml) was stirred at room temperature
overnight. The precipitation was formed and collected by
filtration, then washed and dried to give 231 mg (92%) of the
title compound. '"H NMR (CDC]l,): 7.82 (d, J=8.7 Hz, 1H),
7.59-7.53 (m, 1H), 7.15-7.12 (m, 2H), 7.03-7.00 (m, 2H),
6.95-6.91 (m, 2H), 4.73 (s, 2H), 3.85 (s, 3H), 3.62 (s, 3H).

EXAMPLE 23
CH;

|
e W

\N/\/

N\
\/\N)\/CHS

(2-Ethyl-quinazolin-4-yl)-(4-methoxy-phenyl)-me-
thyl-amine

H;C

The title compound was prepared 1n three steps by a pro-

cedure similar to Example 22. "H NMR (CDCl,): 7.76 (d,
J=8.4 Hz, 1H), 7.55-7.49 (m, 1H), 7.13-7.09 (m, 2H), 7.03-
6.89 (m, 4H), 3.83 (s, 3H), 3.60 (s, 3H), 2.97 (q, J=7.5 Hz,
2H), 1.44 (t, I=7.8 Hz, 3H).




US 8,258,145 B2

47 48
EXAMPLE 24 (3-Fluoro-4-methoxy-phenyl)-(2-methyl-quinazolin-
4-yl)-methyl-amine
N
0 . The title compound was prepared from (3-fluoro-4-meth-
N oxy-phenyl)-(2-methyl-quinazolin-4-yl)-amine (250 mg,
‘ 0.88 mmol) and methyl 10dide (0.39 ml, 6.18 mmol) by a
\N/ F procedure similar to example 7. "H NMR (CDC,): 7.76 (d,
J=8.4Hz, 1H), 7.59-7.53 (m, 1H), 7.09-6.82 (m, SH), 3.91 (s,
N X o 3H), 3.58 (s, 3H), 2.73 (s, 3H).
\N)\ . EXAMPLE 27
(2-Chloro-quinazolin-4-yl)-(2,3-dimethoxy-phenyl)-
methyl-amine 15
H,C CH,
The title compound was prepared from (2-chloro-quinazo- Y
lin-4-y1)-(2,3-dimethoxy-phenyl )-amine and methyl 1odide O
by a procedure similar to Example 7 (71% yield). 'H NMR X
(CDCl,): 7.74 (d, J=8.4 Hz, 1H), 7.53-7.59 (m, 1H), 7.12 (t, 2¢ ‘
1-8.4 Hz, 1H), 6.94-7.01 (m, 3H), 6.87 (dd, J-8.1 and 1.5 Hz, PN NS
1H), 3.89 (s, 3H), 3.56 (s, 3H).
EXAMPLE 25 77N

25 |
F F N
Y N CH.
O

H3C_ /O/ S (4-Isopropoxy-phenyl)-(2-methyl-quinazolin-4-yl)-
N methyl-amine

Z /LN The title compound was prepared from (4-1sopropoxy-

J\ 15 phenyl)-(2-methyl-quinazolin-4-yl)-amine (164.3 mg, 0.56

AN \N - mmol) and methyl 10dide (0.25 ml, 3.92 mmol) by a proce-
3

dure similar to example 7. '"H NMR (CDCl,): 7.73 (d, J=7.8
Hz, 1H),7.54-7.49 (m, 1H), 7.10-6.86 (m, 6H), 4.57-4.52 (m,
1H), 3.58 (s, 3H), 2.72 (s, 3H), 1.36 (d, J=6 Hz, 6H).
(4-Difluoromethoxy-phenyl)-(2-methyl-quinazolin-
4-yl)-methyl-amine

40

EXAMPLE 28
The title compound was prepared Ifrom (4-difluo-
romethoxy-phenyl)-(2-methyl-quinazolin-4-yl)-amine (710
mg, 2.36 mmol) and methyliodide (1.03 ml, 16.52 mmol), by ,5 O
a procedure similar to Example 7 (40.8% vyield). 'H NMR :
(CDCly): 7.77 (dd, J=8.4 Hz, J=0.9 Hz, 1H), 7.59-7.53 (m, \)
1H),7.17-7.10 (m, 4H), 7.06-6.99 (m, 2H), 6.78 (d, I=0.6 Hz,
0.25H), 6.54 (d, J=0.9 Hz, 0.5H), 6.29 (d, J=0.9 Hz, 0.25H), HLO ‘
3.62 (s, 3H), 2.75 (s, 3H). . Ny F
EXAMPLE 26 y )\
N
X J\
55 X y CH,;
CH;
O
(4-Ethyl-phenyl)-(2-methyl-quinazolin-4-yl)-methyl-
HBC\'N . 60 amine
Ay The title compound was prepared from (4-ethyl-phenyl)-
N (2-methyl-quinazolin-4-yl)-amine (122 mg, 0.46 mmol) and
N J\ methyl 1odide (0.2 ml, 3.25 mmol) by a procedure similar to
N CHa 65 example 7. 'H NMR (CDCl,): 7.74 (d, J=8.1 Hz, 1H), 7.54-

7.49 (m, 1H), 7.19 (d, J=8.4 Hz, 2H), 7.09-6.92 (m, 4H), 3.61
(s, 3H), 2.73-2.63 (m, 5H), 1.26 (d, I=7.5 Hz, 3H).
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Compounds of Example 29 and 30 were prepared by a
procedure similar to Example 13.

EXAMPLE 29
O
‘ X Nen.
H3C\N/ /

/\)\N
> J\
i
Cl
(2,8-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine

Cl

a) 8-Chloro-1H-quinazoline-2,4-dione: White solid: 'H
NMR (DMSO-d,) 11.47 (s, 1H), 10.77 (s, 1H), 7.88 (m, 1H),
7.78 (m, 1H), 7.18 (m, 1H).

b) (2,8-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine: Off-white solid: "H NMR (CDCl,) 7.66 (dd,
=27, 6.3 Hz, 1H), 7.14-7.10 (m, 2H), 6.97-6.89 (m, 4H),

3.86 (s, 3H), 3.62 (s, 3H).

EXAMPLE 30
O
‘ XY on,
Cl N
= )\N
A J\
X \N Cl

(2,5-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine

a) 5-Chloro-1H,3H-quinazoline-2,4-dione: White solid:
'H NMR (DMSO-d,) 11.28 (s, 2H), 7.55 (m, 1H), 7.19 (d,
J=7.8 Hz, 1H), 7.12 (d, J=8.4 Hz, 1H).

b) (2,5-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine: Yellow solid: "H NMR (CDCl,) 7.67 (m, 1H),
7.52 (m, 1H), 7.16 (m, 1H), 6.80-6.69 (m, 4H), 3.76 (s, 3H),
3.65 (s, 3H).

EXAMPLE 31
O
‘ \ \CH3
H.C H-C
3 \O 3 \\.N/ /
/ N
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(5-Methoxy-2-methyl-quinazolin-4-yl)-(4-methoxy-
phenyl)-methyl-amine

a) S-Methoxy-2-methyl-quinazolin-4-ol: To a suspension
of 2-amino-6-methoxy-benzoic acid (305 mg, 1.82 mmol)
and 4-N,N-dimethylaminopyridine (20 mg, 0.16 mmol) 1n
DMF/toluene (2:6 mL) at 0° C. was added triethylamine (1.1
ml., 7.9 mmol) followed by slow addition of acetyl chloride
(0.40mlL, 5.6 mmol) under argon. The suspension was stirred
at rt for 19 h. Ammonium acetate (0.62 g, 8.0 mmol) was
added and the reaction mixture was further stirred at 90° C.
for 5 h. The solid was collected by filtration, washed with
water, and dried to give an off-white solid (103 mg, 30%): 'H
NMR (CDCl,) 10.69 (s, 1H), 7.66 (t, I=8.4 Hz, 1H), 7.25 (d,
J=8.4 Hz, 1H), 6.49 (d, J=8.4 Hz, 1H), 4.01 (s, 3H), 2.53 (s,
3H).

b) (5-Methoxy-2-methyl-quinazolin-4-yl)-(4-methoxy-
phenyl)-methyl-amine: The title compound was prepared by
a procedure similar to that of Example 13b as white solid: 'H
NMR (CDCl;)7.51 (t,J=8.4 Hz, 1H), 7.35 (dd, J=0.9, 8.4 Hz,
1H), 6.85-6.80 (m, 2H), 6.85-6.72 (m, 2H), 6.56 (dd, J=0.9,
7.8 Hz, 1H), 3.75 (s, 3H), 3.60 (s, 3H), 3.25 (s, 3H), 2.68 (s,
3H).

EXAMPLE 32

CH,
g
e
ch.\N =
PN
\ \N ‘ ]

(2-Chloro-quinazolin-4-yl)-(4-ethoxy-phenyl)-me-
thylamine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(4-ethoxy-phenyl)-amine by a procedure similar to
example 7 (28%). '"H NMR (CDCL,): 7.73 (m, 1H), 7.55 (m,
1H),7.12 (m, 2H), 7.00 (m, 1H), 6.93 (m, 3H), 4.07 (q, J=7.2,
2H), 3.61 (s, 3H), 1.46 (t, I=7.2, 3H).

EXAMPLE 33
CH;
A
H3C\N ‘ N
=z ~NF ‘N
X \N)\cm
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(2-Methyl-quinazolin-4-y1)-(6-methoxy-pyridin-3-
yl)-methyl-amine

The title compound was prepared from (2-methyl-quinazo-
lin-4-y1)-(6-methoxy-pyridin-3-yl)-amine by a procedure
similar to example 7 (28%). '"H NMR (CDCl,): 8.03 (d,
1=2.7,1H),7.77 (m, 1H), 7.56 (ddd, J=8.1, 6.3, 1.8, 1H), 7.38
(dd,J=8.7,3.0,1H), 7.01 (m, 2H), 6.76 (d, J=9.0, 1H),3.96 (s,
3H), 3.39 (s, 3H), 2.73 (s, 3H).

EXAMPLE 34
CH,
O
H,C
SN
PO
72N
> J\
A \N CHj;

(2-Fluoro-4-methoxy-phenyl)-(2-methyl-quinazolin-
4-yI)-methyl-amine

The title compound was prepared from (2-methyl-quinazo-
lin-4-y1)-(2-fluoro-4-methoxy-phenyl)-amine by a procedure
similar to example 7 (51%). '"H NMR (CDCl,): 7.76 (d,
J=8.1,1H),7.55(ddd, J=8.1, 6.3, 1.8, 1H), 6.98-7.11 (i, 3H),
6.66-6.76 (m, 2H), 3.83 (s, 3H), 3.54 (s, 3H), 2.73 (s, 3H).

EXAMPLE 35
1
N
‘ \ \CH3
H3C\ / /
N
2N
AN J\
\ N CHj

(4-Dimethylamino-phenyl)-(2-methyl-quinazolin-4-
yl)-methyl-amine

To a solution of (2-methyl-quinazolin-4-yl)-(4-amino-
phenyl)-methylamine (14 mg, mmol) 1 1.5 mL of 37%
agoues formaldehyde solution and 10 ulL of glacial acetic was
added Sodium cyanoborohydride (15 mg, 0.24 mmol) and the
mixture was stirred at room temperature for 2 h. The reaction
mixture was quenched by adding 50 ulL of 1N HCI. It was
diluted with 50 mL of ethyl acetate, washed with saturated
sodium bicarbonate, and followed by saturated sodium chlo-
ride. The organic layer was dried over anhydrous Na,SO,,
filtered and concentrated. The residue was purified by column
chromatography (25% ethyl acetate/hexanes) on silica gel to
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give the title compound (12.4 mg, 0.042 mmol, 80%). 'H
NMR (CDCl,): 7.71 (m, 1H), 7.50 (ddd, J=8.4, 6.9, 1.5, 1H),
7.03-7.09 (m, 3H), 6.95 (ddd, J=8.1, 6.6, 0.9, 1H), 6.70 (m,
2H), 3.57 (s, 3H), 2.99 (s, 6H), 2.71 (s, 3H).

EXAMPLE 36

CHj

g

of
\.N/\/

H;C

Z SN
|
\N CH;

RN
N

(4-Ethoxy-phenyl)-(2-methyl-quinazolin-4-yl)-me-
thyl-amine

The title compound was prepared from (2-methyl-quinazo-
lin-4-y1)-(4-ethoxy-phenyl)-amine by a procedure similar to
example 7 (67%). "HNMR (CDCl,): 7.71-7.74 (m, 1H), 7.51
(ddd, J=8.1, 6.6, 1.5, 1H), 7.09 (m, 2H), 6.95-7.04 (m, 2H),
6.86-6.92 (m, 2H), 4.04 (q, J=6.9, 2H), 3.38 (s, 3H), 2.72 (s,
3H), 1.44 (t, I=6.9, 3H).

EXAMPLE 37
\
N O
\
N NS

o~
NN

N
N

N

(2-Methylthio-quinazolin-4-y1)-(4-methoxy-phenyl)-
methyl-amine

A mixture of (2-chloro-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine (150 mg, 0.5 mmol), sodium methanethi-
olate (105 mg, 1.5 mmol) 1n 5 mL of solvent (THF:MeOH:
water=3:1:1) was stirred at 70° C. for 4 h. The reaction
mixture was diluted with 30 mL of ethyl acetate and 1t was
washed with brine, dried over anhydrous Na, SO, filtered and
concentrated. The crude product was purified by chromatog-

raphy on silica gel with acetate and hexane (1:5) as eluent,
yielding 11 mg of title compound (7%). 'H NMR (CDCL,):
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7.65(d, J=8.4 Hz, 1H), 7.51-7.45 (m, 1H), 7.14-7.10 (m, 2H),
6.93-6.89 (m, 4H), 3.84 (s, 3H), 3.58 (s, 3H), 2.67 (s, 3H).

EXAMPLE 38

N
oW
|

(2-Dimethylamino-quinazolin-4-yl)-(4-methoxy-
phenyl)-methyl-amine

A mixture of (2-chloro-quinazolin-4-vyl)-(4-methoxy-phe-

nyl)-methyl-amine (150 mg, 0.5 mmol), 2.0 M dimethy-

lamine 1n methanol (2.0 ml, 4 mmol) 1n a sealed tube was
filled and the

filtration was concentrated by vacuum. The residue was

stirred at 70-80° C. overnight. The mixture was

extracted with ethyl acetate and was washed with brine, dried
over anhydrous Na,SO,, filtered and concentrated. The crude
product was purified by chromatography on silica gel with
acetate and hexane (1:9) as eluent, yielding 128 mg of fitle
compound (83%). '"HNMR (CDCL,): 7.44 (d, J=7.8 Hz, 1H),
7.36-7.30 (m, 1H), 7.11-7.08 (m, 2H), 6.90-6.85 (m, 3H),
6.65-6.59 (m, 1H), 3.82 (s, 3H), 3.51 (s, 3H), 3.30 (s, 6H).

EXAMPLE 39
O
\N
72N
X J\
N N/
5

(2-Methylamino-quinazolin-4-yl1)-(4-methoxy-phe-
nyl)-methyl-amine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(4-methoxy-phenyl)-methyl-amine (150 mg, 0.5
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mmol), 2.0 M methylamine in THF (2.0 ml, 4 mmol) by a
procedure similar to that of example 38 (53.7%). 'H NMR
(CDCly): 7.45 (d, J=7.8 Hz, 1H), 7.39-7.33 (m, 1H), 7.11-
7.07 (m, 2H), 6.90-6.87 (m, 3H), 6.69-6.64 (m, 1H), 4.95 (brs,
1H), 3.82 (s, 3H), 3.50 (s, 3H), 3.11 (d, J=5.1 Hz, 3H).

EXAMPLE 40

ZRN
N P

(2-Methylamino-quinazolin-4-y1)-(6-methoxy-pyri-
din-3-yl)-methyl-amine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(6-methoxy-pyridin-3-yl)-methyl-amine (69 mg,
0.23 mmol) and 2.0 M methylamine in THF (4 ml, 8 mmol) by
a procedure similar to example 38 to give 20 mg (30%) of
yellow solids. "H NMR (CDCl,): 8.02-8.01 (m, 1H), 7.48 (d,
J=8.1 Hz, 1H), 7.42-7.34 (m, 2H), 6.97-6.94 (m, 1H), 6.76-
6.70 (m, 2H), 5.01 (brs, 1H), 3.95 (s, 3H), 3.50 (s, 3H), 3.12
(d, J=5.1 Hz, 3H).

EXAMPLE 41

o
~y N7
PN

(5-Methoxy-pyridin-2-yl)-(2-methyl-quinazolin-4-
yl)-methyl-amine

The title compound was prepared from (5-methoxy-pyri-
din-2-yl)-(2-methyl-quinazolin-4-yl)-amine by a procedure
similar to example 7. 'H NMR (CDCl,): 8.31 (d, 3.3, 1H),
7.80 (d, J=8.4, 1H), 7.58 (ddd, J=1.5, 6.6, 8.4, 1H), 7.13 (dd,
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1=3.3, 9.0, 1H), 6.99-7.10 (m, 2H), 6.82 (d, J=9.0, 1H), 3.87
(s, 3H), 3.70 (s, 3H), 2.76 (s, 3H).

EXAMPLE 42

Cl/O\
NN

= NF ‘N
N \N)\N/\‘/\
N

(2-Benzylamino-quinazolin-4-y1)-(4-methoxyphe-
nyl)-methylamine

A solution of (2-chloro-quinazolin-4-yl)-(4-methoxyphe-
nyl)-methylamine (150 mg, 0.5 mmol), benzyl amine (110
ulL, 1.0 mmol) and triethyl amine (100 ulL) in 5 mL of THF in
a seal tube was heated overnight at 80° C. After cooling to
room temperature the reaction mixture was diluted with 25
mL of ethyl acetate, washed with saturated NaHCO,, dried
over anhydrous Na,SO,, filtered and concentrated. The crude
was purified by column chromatography (35% ethyl acetate/
hexane) to give the title compound (25 mg, 0.067 mmol,
13%). '"H NMR (CDCl,): 7.24-7.46 (m, 7H), 7.10 (m, 2H),
6.84-6.92 (m, 3H), 6.68 (ddd, J=8.1. 6.9, 1.5, 1H), 4.78 (d,
J1=6.5, 2H), 3.83 (s, 3H), 3.46 (s, 3H).

EXAMPLE 43
b
‘ X
N NF
Z N

(2-Methyl-quinazolin-4-y1)-(4-methylamino-phe-
nyl)-methylamine

A mixture of (2-methyl-quinazolin-4-yl)-(N-methyl-4-ac-
ctamido-phenyl)-methylamine (103 mg, 0.321 mmol) 1n 3
mL of methanol and 3 mL of 2N NaOH was heated at 90° C.
for 4 h. The reaction mixture was cooled to room temperature
and diluted 25 mL of ethyl acetate. It was washed with satu-
rated NaHCO,, and the organic layer was dried over anhy-
drous Na,SO,, filtered and concentrated. The crude was puri-
fied by column chromatography (40% ethyl acetate/hexane)

to give the title compound (28 mg, 0.10 mmol, 31%). 'H
NMR (CDCl,): 7.71 (m, 1H), 7.50 (ddd, J=8.4, 6.9, 1.5, 1H),
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6.93-7.11 (m, 4H), 6.60 (m, 2H), 3.84 (s, broad, 1H), 3.57 (s,
3H), 2.87 (s, 3H), 2.70 (s, 3H).

EXAMPLE 44

s VN

NN

(2-Methyl-6-nitroquinazolin-4-yl)-(4-dimethylami-
nophenyl)-methylamine

A mixture of 4-chloro-2-methyl-6-nitro-quinazolinone
(160 mg, 0.72 mmol), N' N" N*-trimethylbenzene-1,4-di-
amine (0.84 mmol) and sodium acetate (70 mg, 0.90 mmol) 1n
5> mL of solvent (T HF:water/1:1) was stirred at room tem-
perature for 45 min. The reaction mixture was diluted with 50
mL of ethyl acetate and washed with saturated NaHCO,. The
organic layer was dried over anhydrous MgSQO,, filtered and

concentrated. The crude product was purified by chromatog-

raphy (40% ethyl acetate/hexanes) on silica gel to give the

title compound (231 mg, 0.68 mmol, 96%). 'H NMR
(CDCl,): 8.24 (dd, J=9.6, 3.0, 1H), 7.82 (d, J=2.4, 1H), 7.72
(d, J=9.0, 1H), 7.08 (m, 2H), 6.78 (m, 2H), 3.64 (s, 3H), 3.01
(s, 6H), 2.71 (s, 3H).

EXAMPLE 45
‘ SN
NN
N
|
\/\N cl

(2-Chloro-quinazolin-4-yl)-(4-dimethylaminophe-
nyl)-methylamine

The title compound was prepared from 2,4-dichloro-6-

nitro-quinazoline and N',N',N*-trimethylbenzene-1,4-di-

amine by a procedure similar to example 44. '"H NMR
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(CDCL,): 7.71 (m, 1H), 7.51-7.56 (m, 1H), 7.07 (m, 2H), 6.99
(m, 2H), 6.71 (m, 2H), 3.59 (s, 3H), 3.01 (s, 6H).

EXAMPLE 46
Y
C‘)_ Ny P
o"”*"ﬁ'l\I+ =4 )\N
I
A \N T‘{/

(2-Dimethylamino-6-mitroquinazolin-4-yl)-(4-meth-
oxyphenyl)-methylamine

A solution of (2-chloro-6-nitroquinazolin-4-yl)-(4-meth-
oxyphenyl)-methylamine (48 mg, 0.14 mmol) 1n 2 mL of
dimethylamine 1n methanol (2M, 25 mmol) was heated over-
night 1n a seal tube at 70° C. for 48 h. The reaction mixture
was cooled to room temperature and concentrated under
vacuum. The residue was purified by chromatography (15%
cthyl acetate/hexane) to give the title compound (39 mg,
79%). "H NMR (CDCl,): 8.08 (dd, J=9.3, 2.4, 1H), 7.71 (d,
I=2.4,1H),7.35(d, J=9.3, 1H), 7.14 (m, 2H), 6.97 (2H), 3.85
(s, 3H), 3.55 (s, 3H), 3.33 (s, 6H).

EXAMPLE 47
AN
SN
[ /LN
A J\
AN X E/

(2-Methylamino-quinazolin-4-yl1)-(4-dimethylami-
nophenyl)-methylamine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(4-dimethylaminophenyl)-methylamine and methyl

amine by a procedure similar to example 46. "H NMR
(CDCl,): 7.42-7.42 (m, 1H), 7.34 (ddd, J=8.1, 6.9, 4.0, 1H),
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7.04 (m, 2H), 6.94 (m, 1H), 6.63-6.71 (m, 3H), 5.13 (s, broad,
1H), 3.49 (s, 3H), 3.10 (d, J=4.8, 3H), 2.97 (s, 6H).

EXAMPLE 48
Y
NN~
/\)\‘N O
\/\NJ\NJ\

[2-(N-Methyl-acetamido )-quinazolin-4-yl]-(4-dim-
cthylaminophenyl)-methylamine

To a solution of (2-methylamino-quinazolin-4-yl1)-(4-dim-
cthylaminophenyl)-methylamine (40 mg, 0.13 mmol) 1n 4
mL of methylenechloride cooled at 0° C. was added triethy-
lamine (50 ul, 0.36 mmol), few crystals of dimethylami-
nopyridine and acetic anhydride (50 ulL, 0.53 mmol). The
reaction mixture was stirred for 1 h at 0° C., warmed to room
temperature, and stirred overnight. The reaction mixture was
diluted with 25 mL of ethyl acetate and washed with 25 mL of
saturated sodium bicarbonate. The organic layer was dried
over anhydrous NaSQO,, filtered and concentrated. The resi-
due was purified by chromatography (40% ethyl acetate/
hexane) to give the title compound (39 mg, 0.11 mmol, 85%).
"HNMR (CDCL,): 7.65-7.69 (m, 1H), 7.52 (ddd, =8 .4, 6.6,
1.8, 1H), 6.93-7.12 (m, 4H), 6.72 (m, 2H), 3.56 (s, 3H), 3.01
(s, 6H), 2.52 (s, 3H).

EXAMPLE 49
»
NN
N
/\ / N
\/\N /l\
(4-Methylthio-phenyl)-(2-methyl-quinazolin-4-y1)-
methylamine

To a solution of (4-methylthio-phenyl)-(2-methyl-
quinazolin-4-yl)-amine (263 mg, 0.94 mmol) in DMF (4 ml)
at 0° C. was added sodium hydride (56.4 mg, 1.40 mmol, 60%
o1l dispersion) and followed by methyl 10dide (0.09 ml, 1.40
mmol). The mixture was stirred at 0° C. for 1 h, then allowed
to warm to room temperature and stirred for another 2 h. The
reaction mixture was diluted with EtOAc (15 ml), washed
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with saturated NaHCO, aq., brine, dried over Na,SO,, fil-
tered and concentrated by vacuum. The residue was purified

by chromatography on silica gel with acetate and hexane (1:2
to 1:1) as eluent, yielding 120 mg of title compound (40.7%).
"HNMR (CDCL,): 7.76 (d, J=9.0 Hz, 1H), 7.54 (t, J=7.5 Hz,
1H), 7.24-7.19 (m, 2H), 7.10-6.97 (m, 4H), 3.59 (s, 3H), 2.74
(s, 3H), 2.48 (s, 3H)

EXAMPLE

/@/L\

Ny P
\/“\

\ N

(2-Dimethylamino-pyridine-5-yl1)-(2-methyl-
quinazolin-4-yl)-methylamine

50

The title compound was prepared from (2-dimethylamino-
pyridine-5-yl)-(2-methyl-quinazolin-4-yl)-amine (45 mg,
0.16 mmol), methyl 10dide (0.016 ml, 0.24 mmol), sodium
hydride (9.6 mg, 0.24 mmol, 60% o1l dispersion) in DMF
similar to example 49 to give 22 mg (47%) of paint yellow
solids. "H NMR (CDCL,): 8.07 (d, J=2.4 Hz, 1H), 7.63 (dd,
J=0.9 Hz, ]=8.4 Hz, 1H), 7.56-7.51 (m, 1H), 7.27-7.18 (m,
2H), 7.05-7.00 (m, 1H), 6.50 (d, J=9.3 Hz, 1H), 3.55 (s, 3H),
3.12 (s, 6H), 2.72 (s, 3H).

EXAMPL.

(L]

o1

\N/

"IN
Y,

J\ 0
/N

(4-Methoxy-phenyl)-(2-N-methylacetamido-
quinazolin-4-yl)-methylamine

To a solution of (4-methoxy-phenyl)-(2-methylamine-
quinazolin-4-yl)-methylamine (100 mg, 0.34 mmol) 1n 5 ml
of dichloromethane was added triethylamine (0.071 ml, 0.51
mmol), acetyl chloride (0.036 ml, 0.51 mmol) followed by 2
mg of DMAP at 0° C. The reaction mixture was allowed to
warm to room temperature and stirred for 2 h. The solvent was
removed by vacuum. The residue was dissolved in EtOAc (20
ml), washed with water, brine, dried over Na,SO,, filtered
and concentrated by vacuum. The crude product was purified
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by chromatography on silica gel with acetate, hexane and
methanol (1:3 to 1:1:0.05) as eluent, vielding 36 mg of title
compound (31.5%) as white solids. "H NMR (CDCl,): 7.70-
7.67 (m, 1H), 7.56-7.52 (m, 1H), 7.17-7.14 (m, 2H), 6.97-
6.93 (m, 4H), 3.86 (s, 3H), 3.57 (s, 6H), 2.52 (s, 3H).

EXAMPLE 52

7N

(6-Dimethylamino-2-methyl-quinazolin-4-yl1)-(4-
methoxy-phenyl)-methylamine

To a mixture of (6-amino-2-methyl-quinazolin-4-yl)-(4-
methoxy-phenyl)-methylamine (16 mg, 0.05 mmol), 2 ml of
3'7% formaldehyde water solution and sodium cyanoborohy-
dride (6.3 mg, 0.1 mmol) was added 2 N HCI (0.05 ml) at 0°
C. The reaction mixture was stirred for 1 h at 0° C., then
diluted by EtOAc (10 ml), washed with saturated NaHCO,
aq., brine, dried over Na,SQO,, filtered and concentrated by
vacuum. The crude product was purified by chromatography
on silica gel with acetate, hexane (1:3 to 1:1) as eluent, yield-
ing 11 mg of title compound (68.8%) as yellow solids. "H
NMR (CDCl,): 7.63 (d, J=9.0 Hz, 1H), 7.20-7.12 (m, 3H),
6.91-6.88 (m, 2H), 6.23 (d, J=2.7 Hz, 1H), 3.80 (s, 3H), 3.57
(s, 3H), 2.69 (s, 3H), 2.62 (s, 6H).

EXAMPLE 53

o

X
NN

Sy

N

~ |
\N/l\

RN
P

(3,4,5-trimethoxy-phenyl)-(2-methyl-quinazolin-4-
yl)-methylamine

The title compound was prepared from (3,4,5-trimethoxy-
phenyl)-(2-methyl-quinazolin-4-yl)-amine (232 mg, 0.71
mmol), methyl 10dide (0.07 ml, 1.08 mmol), sodium hydride
(43 mg, 1.08 mmol, 60% o1l dispersion) in DMF similar to
example 49 to give 65 mg (27%) of white solids. "H NMR
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(CDCL,): 7.75 (d, J=8.4 Hz, 1H), 7.58-7.53 (m, 1H), 7.11-
7.00 (m, 2H), 6.39 (s, 2H), 3.88 (s, 3H), 3.73 (s, 6H), 3.62 (s,
3H), 2.74 (s, 3H).

EXAMPLE 54
O
1U1+
o
Sy
Z N N

N \N J\Cl

(2-Chloro-quinazolin-4-y1)-(4-nitro-phenyl )-methyl-
amine

The title compound was prepared from 2,4-dichloro-
quinazoline (50 mg, 0.251 mmol) and 4-nitro-N-methyla-
niline (46 mg, 0.302 mmol) by a procedure similar to example
1b and was isolated as yellow powder (6 mg, 12%). "H NMR
(CDCl,): 8.24 (d, J=8.7 Hz, 2H), 7.81 (dd, J=8.1, and 2.4 Hz,
1H), 7.68 (ddd, J=8.1, 7. Sand2 4 Hz, 1H), 728((1 J=8.7 Hz,
2H), 7.18 (ddd, J:8.13 7.5 and 2.4 sz 1H),7.07 (d, J=7.8 Hz,,
1H), 3.75 (s, 3H).

EXAMPLE 55

(2-Chloro-quinazolin-4-yl)-phenyl-methyl-amine

The title compound was prepared from 2,4-dichloro-
quinazoline (50 mg, 0.251 mmol) and N-methylaniline (20

ul, 0.301 mmol) by a procedure similar to example 1b and
was isolated as white powder (40 mg, 80%). 'H NMR

(CDCL,): 7.76 (dd, J=8.7, and 1.5 Hz, 1H), 7.56 (ddd, J=8.1,
6.6 and 1.5 Hz, 1H), 7.46-7.35 (m, 3H), 7.24-7.20 (m, 2H).
6.98 (ddd, J=8.7, 6.6 and 1.5 Hz, 1H), 6.90 (dd, J=8.7 and 1.5
Hz. 1H), 3.65 (s, 3H).

EXAMPLE 56
o\‘ N
Ny F v
S )\N
A
\ \\\N Cl
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(2-Chloro-quinazolin-4-yl)-(2,5-dimethoxy-phenyl)-
methyl-amine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(2,5-dimethoxy-phenyl)-amine and methyl 1odide
by a procedure similar to example 7 (78% vyield). "H NMR
(CDCl,): 7.72-7.775 (m, 1H),7.56 (ddd, J=8.4,5.7 and 2.1 Hz,
1H), 6.98-7.00 (m, 2H), 6.92-6.92 (m, 2H), 6.78-6.79 (m,
1H), 3.75 (s, 3H), 3.58 (s, 3H), 3.56 (s, 3H).

EXAMPLE 57

X

F

N

N

L

P\ F
NN

(2-Chloro-quinazolin-4-y1)-(2-methoxy-phenyl )-
methyl-amine

The title compound was prepared from (2-chloro-quinazo-
lin-4-y1)-(2-methoxy-phenyl)-amine and methyl 1odide by a
procedure similar to example 7 (72% yield). '"H NMR
(CDCl,):7.72(d,J=8.1Hz, 1H), 7.54 (ddd, J=8.4, 6.6 and 1.5
Hz, 1H), 7.20 (dd, J=8.4 and 1.8 Hz, 1H), 6.87-7.04 (m, 4H),
3.67 (s, 3H), 3.56 (s, 3H).

EXAMPLE 58

OH

N NS

s Ve
s

N

N

P \F
NN

(2-Chloro-quinazolin-4-yl)-(4-hydroxyphenyl)-me-
thylamine

To a solution of (2-chloro-quinazolin-4-yl)-(4-methoxy-
phenyl)-methyl-amine (100 mg, 0.334 mmol) in 30 ml
dichloromethane cooled at —20° C. was added slowly 60 ul of
BBr; (0.668 mmol). The reaction mixture was stirred at —20°
C. for 2 h then 1t was warmed to room temperature. It was
stirred another 2 h at this temperature. The reaction mixture
was diluted with ethyl acetate (50 ml) and washed with cold
5% sodium bicarbonate. The organic phase was dried and
concentrated. The residue was purified by a small silica col-
umn using ethyl acetate and hexane (1:3) as eluents to give the
product (57 mg, 57%). 'HNMR (CDCl,): 7.65-7.56 (m, 2H),
7.04-6.87 (m, SH), 3.59 (s, 3H).
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Examples 59 and 60 were prepared

The compounds of

similar to Example 13.
EXAMPLE 59
O
»
NN
N
Z SN
A J\
Cl N Cl

(2,7-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine

a) 7-Chloro-quinazoline-2,4-dione: White solid: "H NMR
(DMSO-d,) 11.42 (s, 1H), 11.26 (s, 1H), 7.88 (d, J=8.7 Hz,
1H), 7.22 (dd, J=1.2, 8.1 Hz, 1H), 7.18 (d, J=2.1 Hz, 1H).

b) (2,7-Dich10r0-quinazolin—4-yl)-(4-meth0xy-phenyl)-
methyl-amine: Light yellow solid: "H NMR (CDCl,) 7.70 (d.,
J=2.4Hz, 1H),7.16-7.11 (im, 2H), 6.98-6.92 (m, 3H), 6.80 (d,
J=9.3 Hz, 1H), 3.86 (s, 3H), 3.60 (s, 3H).

EXAMPLE 60

e Ve

A
N N

N
|

Z
AN
\N

7N
e

(2-Chloro-7-methyl-quinazolin-4-yl)-(4-methoxy-
phenyl)-methyl-amine

a) 7-Methyl-quinazoline-2,4-dione: White solid: 'H NMR
(DMSO-d,) 10.07 (br s, 1H), 8.24 (s, 1H), 7.79 (d, J=8.1 Hz,
1H), 6.78 (dd, J=0.6,9.0Hz, 1H), 6.54 (br s, 1H), 2.30(s, 3H).

b) (2-Chloro-7-methyl-quinazolin-4-yl1)-(4-methoxy-phe-
nyl)-methyl-amine: Light yellow solid: '"H NMR (CDCI,)
7.51 (m, 1H),7.16-7.10 (m, 2H), 6.96-6.91 (m, 2H), 6.83 (dd,
J=1.8,8.7 Hz, 1H), 6.78 (d, J=8.7 Hz, 1H), 3.85 (s, 3H), 3.59
(s, 3H), 2.38 (s, 3H).

EXAMPL.

L1l

61

Identification of (2-Chloro-quinazolin-4-yl)-(4-meth-
oxy-phenyl)-methyl-amine and Analogs as Caspase
Cascade Activators and Inducers of Apoptosis in

Solid Tumor Cells

Human breast cancer cell lines T-47D and DLD-1 were
grown according to media component mixtures designated by
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American Type Culture Collection+10% FCS (Invitrogen
Corporation), in a 5% CO,-95% humidity incubatorat 37° C.
T-47D and DLD-1 cells were maintained at a cell density
between 50 and 80% confluency at a cell density of 0.1 to
0.6x10° cells/mL. Cells were harvested at 600xg and resus-
pended at 0.65x10° cells/mL into appropriate media+10%
FCS. An aliquot of 22.5 uL. of cells was added to a well of a
384-well microtiter plate containing 2.5 ul. ofa 10% DMSO
in RPMI-1640 media solution containing 0.16 to 100 uM of
(2-chloro-quinazolin-4-yl)-(4-methoxy-phenyl)-methyl-
amine or other test compound (0.016 to 10 uM final). An
aliquot of 22.5 uLL of cells was added to a well of a 384-well
microtiter plate containing 2.5 ul. of a 10% DMSO 1n RPMI-
1640 media solution without test compound as the control
sample. The samples were mixed by agitation and then 1ncu-
bated at 37° C. for48 hina 5% CO,-95% humidity incubator.
After mcubation, the samples were removed from the incu-
bator and 25 ul. of a solution containing 14 uM of N-(Ac-
DEVD)-N'-ethoxycarbonyl-R110 fluorogenic substrate (Cy-
tovia, Inc.; W0O99/18856), 20% sucrose (Sigma), 20 mM
DTT (Slgma) 200 mM NaCl (Sigma), 40 mM Na PIPES
buifer pH 7.2 (S1gma), and 500 ug/mL lysolecithin (Calbio-
chem) was added. The samples were mixed by agitation and
incubated at room temperature. Using a fluorescent plate
reader (Model SPECTRAfluor Plus, Tecan), an 1nitial reading
(I=0) was made approximately 1-2 min after addition of the
substrate solution, employing excitation at 485 nm and emis-
s1on at 530 nm, to determine the background fluorescence of
the control sample. After the 3 h incubation, the samples were
read for fluorescence as above (‘1=3 h).

Calculation:

The Relative Fluorescence Unit values (RFU) were used to
calculate the sample readings as follows:

RFU(TZS;I)—CGHUGI RFU( T:D):NEt RFU( T=3%)

The activity of caspase cascade activation was determined
by the ratio of the net RFU value for (2-chloro-quinazolin-4-
y1)-(4-methoxy-phenyl)-methyl-amine or other test com-
pounds to that of control samples. The EC., (nM) was deter-
mined by a sigmoidal dose-response calculation (Prism 3.0,
GraphPad Software Inc.).

The caspase activity (Ratio) and potency (EC.,) are sum-
marized 1n Table I:

TABLE 1

Caspase Activity and Potency

1-47D (24 hr) 1-47D (48 hr)
Exa. Cmpd. Ratio ECs5q (nM) Ratio ECsq (nM)
1 8.7 2 NA NA
2 6.7 31 NA NA
3 8.1 79 NA NA
4 10.3 24 NA NA
5 NA NA 12.8 48
6 5.7 56 11.5 89
7 6.7 6 NA NA
8 NA NA 6.1 47
9 NA NA 12.4 20
10 NA NA 14.7 34
11 8.3 5 11.4 11
12 NA NA 9.0 1
13 NA NA 4.9 5
14 NA NA 10.8 1
15 NA NA 7.1 11
16 NA NA 6.5 13
17 7.2 18 12.5 22
18 NA NA 12.5 38
19 NA NA 13.1 4
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TABLE I-continued

Caspase Activity and Potency

US 8,258,145 B2

1-47D (24 hr) T-47D (48 hr)
Exa. Cmpd. Ratio ECso (nM) Ratio EC5q4 (nM)
20 NA NA 11.3 42
21 9.0 2 7.4 2
22 6.2 679 5.7 543
23 6.6 15 5.3 36
24 4.5 693 NA NA
25 6.7 8 NA NA
26 7.6 2 NA NA
27 6.2 41 NA NA
28 6.3 25 NA NA
29 NA NA 7.8 24
30 10.6 2 NA NA
31 8.3 4 NA NA
32 NA NA 9.0 5
33 5.4 14 12.9 8
34 6.9 4 NA NA
35 8.5 2 NA NA
36 5.2 5 NA NA
37 5.2 8 NA NA
38 8.2 16 NA NA
39 8.2 8 NA NA
40 10 27 NA NA
41 5.0 15 NA NA
42 8.2 75 NA NA
43 3.4 18 NA NA
44 2.6 979 NA NA
45 4.2 4 NA NA
46 4.2 2360 NA NA
47 3.9 29 NA NA
48 2.4 14 NA NA
49 7.5 4 NA NA
50 9.0 14 NA NA
51 4.0 7 NA NA
52 6.4 382 NA NA
53 NA NA NA NA
54 7.1 872 NA NA
55 6.7 219 NA NA
56 8.6 282 14.6 265
57 NA NA 14.3 501
58 NA NA 12.5 46
59 NA NA 12.7 316
60 NA NA 6.2 432
NA = Not available
EXAMPLE 62

Determination of Bram/Plasma AUC Ratio of
(2-Chloro-quinazolin-4-y1)-(4-methoxy-phenyl )-
methyl-amine and Analogs

For each test compound, forty five mice were injected via
the tail vemn with 0.10 mL of a 0.875 mg/mL solution of test
compound dissolved 1n a formulation of 5% Cremophor, 5%
Ethanol, and 90% D5W, or a formulation variation thereof.
Five mice at each collection time point of approximately 0.05,
0.25, 0.50, 1.00, 2.00, 4.00, 8.00, 12.0 and 24.0 hours post
dose were euthanized by halothane inhalation. Approxi-
mately 0.30 to 1.00 mL of blood from each animal was
collected via cardiac puncture 1nto tubes containing EDTA.
Immediately after exsanguination, the whole brain from each
ammal was removed. The plasma and whole brain samples
were frozen (~20° C.) separately until analysis. Plasma and
brain samples were allowed to thaw at room temperature on
the day of sample analysis. Prior to homogenization, the
brains were weighed and three volumes of sterile water were
added. Plasma and homogenized brain samples were
extracted using a protein precipitation and filtration method.

10

15

20

25

30

35

40

45

50

55

60

65

06

Briefly, 0.20 mL acetonitrile was added to 0.10 mL of sample
in a Varian Captiva 20 um filtration plate. A vacuum was
applied to the plate and filtrates were collected. Filtrates were
injected onto LC-MS/MS ABI2000 QTrap LC-MS/MS
equipped with a reverse phase liquid chromatography inlet.
Peak areas of the m/z productions of the test compounds were
measured against the peak are of the m/z internal standard
production. The range of quantitation for the assay was
between 1.00 and 1000 ng/mL for both analytes.

Pharmacokinetic parameters (PK) for the test compounds
were estimated on median plasma and brain concentrations
using non-compartmental analysis in WinlNonlin (Pharsight
Corp., Mountain View, Calif.). The validation of this software
program 1s reported in MPI-REP-PA-03.00. All values below
the quantitation limit (BQL) of 1.00 ng/mL were excluded
from PK analysis. The areas under the concentration-time
curve (AUC,_..) were calculated using a linear/log trapezoi-
dal method. The brain/plasma AUC ratios of tested Example
Compounds are summarized 1n Table II:

TABLE II

Brain/Plasma AUC Ratio

Example Compound Brain/Plasma AUC Ratio

1 29.99
11 6.14
17 9.16
21 19.70
33 5.82
35 16.11
39 6.44
40 10.01
43 14.12
51 23.31

EXAMPLE 63

Injection Formulation

Excipients Amount

Active Compound 5 mg
PEG-400 5 grams
TPGS 10 grams
Benzyl alcohol 0.5 gram
Ethanol 2 grams
DSW Add to make 50 mL

An 1njection formulation of a compound selected from
Formula I (the “Active Compound™) can be prepared accord-
ing to the following method. Five mg of the Active Compound
1s dissolved 1nto a mixture of the d-a-tocopheryl polyethyl-
ene glycol 1000 succinate (TPGS), PEG-400, ethanol, and
benzyl alcohol. D5W 1s added to make a total volume of 50
ml and the solution 1s mixed. The resulting solution 1s filtered
through a 0.2 um disposable filter unit and 1s stored at 25° C.
Solutions of varying strengths and volumes are prepared by
altering the ratio of Active Compound 1n the mixture or
changing the total amount of the solution.
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EXAMPL,
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64

Tablet Formulation

Active Compound 100.0 mg
Lactose 100.0 mg
Corn Starch 50.0 mg
Hydrogenated Vegetable Oil 10.0 mg
Polyvinylpyrrolidone 10.0 mg

270.0 mg

A formulation of tablets of a compound selected from
Formulae I (the “Active Compound”) can be prepared accord-
ing to the following method. One hundred mg of Active
Compound) 1s mixed with 100 mg lactose. A suitable amount
of water for drying 1s added and the mixture 1s dried. The
mixture 1s then blended with 50 mg of corn starch, 10 mg
hydrogenated vegetable o1l, and 10 mg polyvinylpyrrolidi-
none. The resulting granules are compressed into tablets.
Tablets of varying strengths are prepared by altering the ratio
of Active Compound 1n the mixture or changing the total
weight of the tablet.

EXAMPL.

L1

635

Capsule Formulation

Active Compound 100.0 mg
Microcrystalline Cellulose 200.0 mg
Corn Starch 100.0 mg
Magnesium Stearate 400.0 mg

800.0 mg

A fTormulation of capsules containing 100.0 mg of a com-
pound selected from Formulae I (the “Active Compound™)
can be prepared according to the following method. One
hundred mg of Active Compound 1s mixed with 200 mg of
microcrystalline cellulose and 100 mg of corn starch. Four
hundred mg of magnesium stearate 1s then blended into the
mixture and the resulting blend 1s encapsulated into a gelatin
capsule. Doses of varying strengths can be prepared by alter-
ing the ratio of the Active Compound to pharmaceutically
acceptable carriers or changing the size of the capsule.

Having now fully described this invention, 1t will be under-
stood by those of ordinary skill 1n the art that the same can be
performed within a wide and equivalent range of conditions,
formulations and other parameters without affecting the
scope of the invention or any embodiment thereof. All pat-
ents, patent applications and publications cited herein are
tully incorporated by reference herein 1n their entirety.

What 1s claimed 1s:

1. A method of treating anaplastic astrocytoma, glioblas-
toma, meningioma, or mesenchymal tumor 1n a mammal in
need of such treatment, comprising intravenously adminis-
tering to the mammal an effective amount of a compound
according to Formula I:
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(D)

Iilm
R~ /YRQ
|
R {,X
R, N *Tf Re
R4 )\ R
/ \B.\
‘ Ri>
.
R. N \[‘) R,
Rg Rj3

or a pharmaceutically acceptable salt or solvate thereof,

wherein:

R, 15 C,_; alkyl;

R,ishalo,R,,, OR,,, SR, ,, NR,:R,,,or NR,,(C=0)C, ,
alkyl wherein R, < 1s C, . alkyl, C,_. alkenyl, C,_. alky-
nyl, C,_ haloalkyl, C,_; carbocycle, C,_, heterocycle,
Ce.i0 aryl, or arylalkyl and R, 1s H, C,_. alkyl, C,_4
alkenyl, C,_. alkynyl, C,_ haloalkyl, C;_; carbocycle,
C,_g heterocycle, C_, , aryl, or arylalkyl;

R;, R., Rs-Ry, R,,-R;; are independently halo, R,
NR, R+, OR,., or SR, wherein R, . and R, 5 are inde-
pendently H, C, . alkyl, C,_. alkenyl, C,_. alkynyl, or
C,_¢ haloalkyl provided that R, . and R, 5 are not both H;

R 1s Hor C, ; alkyl;

R, 1s H, halo, R, 4, OR, 4, SR, 4, NR R, or optionally R,
and one of Ry and R,, together form a heterocycle,
wherein R, and R, are independently H, C, _. alkyl,
C, . alkenyl, C,_. alkynyl, or C,_. haloalkyl provided
that R, and R, are not both H; and

B,D, W, X,Y and 7 are independently C or N, provided that

at least one of B and D 1s N, no more than one of W, X,
Y and Z are N, and when B, D, W, X, Y or Z 1s N then
there 1s no substituent at the N.

. The method of claim 1 wherein B 1s C and D 1s N.

. The method of claim 2 wherein X or Y 1s N.

-

. The method of claam 2 wherein W or Z 1s N.

r

. The method of claim 1 wherein R, 1s C,_; alkyl, halo,
C,_; haloalkyl, —OC, _; alkyl, —SC, _; alkyl, C,_4 hetero-
cycle, NR, C,_; alkyl, NR, (C=0)C,_; alkyl, or NR, (ary-
lalkyl) wheremn R, 1s Hor C, _; alkyl.

6. The method of claim 5 wherein R, 1s CH,.

7. The method of claim 6 wherein R 1s H.

8. The method of claim 7 wherein R, R, R.—R,, R,,,
R,,, and R,, and R,; 1 present, are independently H, C, _;
alkyl, halo, NH(C, _; alkyl), N(C, _; alkyl),, or —OC, _; alkyl.

9. The method of claim 8 wherein R, 1s H, OH, C, _; alkyl,
halo, C,_; haloalkyl, —OC, _; alkyl, —SC, _; alkyl, —OC,
haloalkyl, NRy, R, whereinR, andR,, are independently H
or C, 5 alkyl provided that R, and R, are not both H, or
optionally R, and one of Ry and R, together form a C,_g
heterocycle.

10. The method of claim 1 wherein:

R, 1s CH,CH,, or CHj;;

R, 1s CH,CH,, CH,, Cl, CH,F, OCH,, SCH,, morpholino,

NHCH,, NCH,(C—0)CH,, or NHCH,C_H.;
R;, R4, R, R,,, and R, ; are independently H, CH,, CI,
NHCH,, N(CH,),, or OCH,;

R, 1s H;

R-, Rq, R, and R, are independently H, F, or OCH,; and

Ry, 1s H, OH, Cl, CH;, CH,CH;, OCH,;, OCH,CHj,

OCH,CH,CH,, SCH;, OCF,;, OCHF,, OCH(CH,),,

hn & Wi
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N(CH,),, NHCH;; or optionally R, and one of R, and
R, together torm 1,3-dioxolane.
11. The method of claim 1 wherein the compound has the
structure according to Formula II:

(1)

or a pharmaceutically acceptable salt or solvate thereof,

wherein:

R, 1s C, _; alkyl;

R, 1shalo,R,,,OR,,,SR,,,NR,R,,,or NR, ,(C=0)C,
alkyl wherein R < 1s C, _. alkyl, C,_. alkenyl, C,_. alky-
nyl, C,_ haloalkyl, C,_; carbocycle, C,_, heterocycle,
Ce.i0 aryl, or arylalkyl and R, 1s H, C,_, alkyl, C,_,
alkenyl, C,_. alkynyl, C,_ haloalkyl, C;_; carbocycle,
C,_g heterocycle, C,_, , aryl, or arylalkyl;

R,, R,, Rc-Rg, R, and R, are independently halo, R,
NR, R+, OR, ., or SR, wherein R, . and R, , are inde-
pendently H, C,_, alkyl, C,_. alkenyl, C,_. alkynyl, or
C,_¢ haloalkyl provided that R, . and R, 5 are not both H;

R 1s H or C, ; alkyl;

R, 1s H, halo, R4, OR, 4, SR, NR (R4, or optionally R,
and one of Ry and R,, together form a heterocycle,
wherein R,; and R, are independently H, C, _. alkyl,
C, . alkenyl, C,_ . alkynyl, or C,_ haloalkyl provided
that R, , and R, are not both H; and

W, X, Y and Z are independently C or N, provided that no
more than one of W, X, Y and Z are N, and when W, X,
Y or Z 1s N, then there 1s no substituent at the N.

12. The method of claim 11 wherein X or Y 1s N.

13. The method of claim 11 wherein W or Z 1s N.

14. The method of claim 11 wherein R, 1s C, _; alkyl, halo,
C, 5 haloalkyl, —OC, _; alkyl, —SC, _; alkyl, C,_; hetero-
cycle, NR, C,_; alkyl, NR, (C=0)C, _; alkyl, or NR,_(ary-
lalkyl) wherein R, 1s H or C, _; alkyl.

15. The method of claim 14 wherein R, 1s CH,.

16. The method of claim 15 wherein R 1s H.

17. The method of claim 16 wherein R, R, R—Rq, R,
and R, , areindependently H, C, _; alkyl, halo, NH(C, _; alkyl),
N(C, 5 alkyl),, or —OC, _; alkyl.

18. The method of claam 17 wherein Ry 1s H, OH, C, _,
alkyl, halo, C,_; haloalkyl, —OC, _; alkyl, —SC, _; alkyl,
—OC, _; haloalkyl, NR,_R,, wherein R, and R, are inde-
pendently H or C, _; alkyl provided that R, and R, are not
both H, or optionally R, and one of R and R, together form

a C,_, heterocycle.
19. The method of claim 11 wherein:

R, 1s CH,CH,, or CHj;

R, 1s CH,CH,, CH,, Cl, CH,F, OCH,, SCH,, morpholino,
NHCH;, NCH,(C—0)CH,, or NHCH,CHx;

R,, R,, and R, , are independently H, CH,, Cl, NHCH,,
N(CH,),, or OCH;;

R 1s H;
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R-, R4, R, and R, are independently H, F, or OCH;; and

R, 1s H, OH, Cl, CH,, CH,CH,, OCH,, OCH,CH,,
OCH,CH,CH;, SCH,, OCF,;, OCHF,, OCH(CH,),,
N(CH,),, NHCH;; or optionally R, and one of R, and
R, together form 1,3-dioxolane.

20. The method of claim 1 wherein the compound has the

structure according to Formula III:

(I11)

Ry,
R”\}\/ R
AN
R;

R
R I\N/ \Rs
R4
\N
)\
R5 N RZ

or a pharmaceutically acceptable salt or solvate thereof,
wherein:

R, 1s C,_; alkyl;

R,i1shalo,R,<,OR,,,SR,,,NR;:R,,,or NR,,(C=0)C, ¢
alkyl wherein R, < 1s C, . alkyl, C,_. alkenyl, C,_. alky-
nyl, C,_ haloalkyl, C,_; carbocycle, C,_, heterocycle,
Ce.i0 arvl, or arylalkyl and R, 1s H, C, . alkyl, C,_4
alkenyl, C,_. alkynyl, C,_ haloalkyl, C,_ carbocycle,
C,_g heterocycle, C_, , aryl, or arylalkyl;

R;, R., R-Rg, R, and R, are independently halo, R,
NR, R+, OR,,, or SR, wherein R, . and R, 5 are inde-
pendently H, C, . alkyl, C,_. alkenyl, C,_. alkynyl, or
C,_¢ haloalkyl provided that R, . and R, 5 are not both H;

R.1s Hor C,_; alkyl; and

R, 1s H, halo, R, 4, OR, 4, SR, 4, NR, R, or optionally R,
and one of Ry and R,, together form a heterocycle,
wherein R, and R, are independently H, C, _. alkyl,
C, . alkenyl, C,_ . alkynyl, or C,_. haloalkyl provided
that R, and R, are not both H.

21. The method of claim 20 wherein R, 1s C, 5 alkyl, halo,
C,_3 haloalkyl, —OC, _; alkyl, —SC, _; alkyl, C;_ hetero-
cycle, NR, C,_; alkyl, NR, (C=0)C, _; alkyl, or NR, (ary-
lalkyl) wherein R, 1s Hor C, _; alkyl.

22. The method of claim 21 wherein R, 1s CH,.

23. The method of claim 22 wherein R 1s H.

24. The method of claim 23 wherein R, R,, R-—R,, R,
and R, , are independently H, C, _; alkyl, halo, NH(C, _; alkyl),
N(C, _; alkyl),, or —OC, _; alkyl.

25. The method of claim 24 wherein R, 1s H, OH, C, ,
alkyl, halo, C,_; haloalkyl, —OC, 5 alkyl, —SC,_; alkyl,
—OC, _; haloalkyl, NR, R,, wherein R, and R, are inde-
pendently H or C, _; alkyl provided that R, and Ry, are not
both H, or optionally R, and one of R, and R, , together form
a C,_q heterocycle.

26. The method of claim 20 wherein:

R, 1s CH,CH, or CHj;;

R, 1s CH,CH,, CH,, Cl, CH,F, OCH,, SCH,, morpholino,

NHCH,, NCH,(C=—0)CH,, or NHCH,,CH;

R;, R, and R, are independently H, CH,, Cl, NHCH,,
N(CH,),, or OCH;;

R. 1s H;

R-, Rs, R, and R, are independently H, F, or OCH,; and
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R, 1s H, OH, Cl, CH;, CH,CH,, OCH,;, OCH,CH;, (2-Chloro-quinazolin-4-yl)-(3,4-methylenedioxyphenyl)-
OCH,CH,CH,, SCH,, OCF,, OCHF,, OCH(CH,),, methyl-amine;
N(CH,),, NHCH,; or optionally R, and one of Rg and (2-Chloro-quinazolin-4-y1)-(3,4-dimethoxy-phenyl)-me-

R, together form 133-di0xolane'. thyl-amine;
27. The method of claim 20 wherein: d (2-Chloro-quinazolin-4-yl)-(4-propoxy-phenyl)-methyl-
R, 1s CH;; ) amine;
R, 15 CH;, Cl, OCH;, NHCH;, or NCH,(C—=0)CH;; (2-Chloro-quinazolin-4-y1)-(2,3-dimethoxy-phenyl)-me-
R;-Rq, R+, Ry, R, and R, are H; and thyl-amine:
R, 1s OCH,, N(CH,),, or NHCH,. 5 2 Dichl o lin-d-vD-(4-methoxv-phenyvl-me-
28. The method of claim 20, wherein when R 1s Hthen R, 10 ( jth lfzm?;fj quinazolin-4-yl)-(4-methoxy-phenyl)-me
and R, , are not both H or one H and the other halo. 2 5-}£)ichloroj- uinazolin-4-y1)-(4-methoxy-phenyl)-me-
29. The method of claim 20, wherein when R, 1s H then R jthyl mine: 1 Y Y PUEY
dR t both H H and the other hal Ikyl ) )
ilall o alllgy?re HOT PO orone Hand the other halo or alkyl or (2-Chloro-quinazolin-4-yl)-(4-ethoxy-phenyl)-methy-
30. The method of claim 1, wherein when R, 1s C, _ alkyl, 15 lamine; _ _ _ _
halo, or C, . haloalkyl, R, is not H. (2-Ch10r0-ql}mazohn-él-yl)-(él-dlmethylammophenyl)-
31. The method of claim 1, wherein when R, 1s H then R, methylamme; | |
and R, , are not both H or one H and the other halo, and R, 1s (2-Ch}0r0-qumazohn—4-yl)-(4 -nitro-phenyl)-methyl-
not H. AmMINe,
32. The method of claim 1, wherein the compound is cho- 20  (2-Chloro-quinazolin-4-yl)-phenyl-methyl-amine;
sen from: (2-Chloro-quinazolin-4-y1)-(2,5-dimethoxy-phenyl)-me-
(2-Chloro-quinazolin-4-y1)-(4-methoxy-phenyl )-methyl- thyl-amine;
amine; (2-Chloro-quinazolin-4-yl)-(2-methoxy-phenyl)-methyl-
(2-Methoxy-quinazolin-4-yl)-(4-methoxyphenyl)-methy- amine;
lamine; 25 (2-Chloro-quinazolin-4-yl)-(4-hydroxyphenyl)-methy-
(4-Methoxy-phenyl)-methyl-(quinolin-4-yl)-amine; lamine;
(4-Methoxy-phenyl)-methyl-(2-methyl-quinazolin-4-yl)- (2,7-Dichloro-quinazolin-4-yl)-(4-methoxy-phenyl))-me-
amine hydrochloride; thyl-amine;

(2-Chloro-7-methyl-quinazolin-4-yl)-(4-methoxy-phe-
nyl)-methyl-amine;

and pharmaceutically acceptable salts or solvates thereof.

34. The method of claim 1, wherein the compound 1s cho-

sen from:

(2-Fluoromethyl-quinazolin-4-vyl)-(4-methoxy-phenyl)-
methyl-amine;

(4-Methoxy-phenyl ))-methyl-(2-methyl-quinazolin-4-yl)-
amine hydrochloride;

(2-Methyl-quinazolin-4-yl)-(6-methoxy-pyridin-3-vl)-
methyl-amine; 30
(4-Dimethylamino-phenyl)-(2-methyl-quinazolin-4-yl)-
methyl-amine;
(2-Methylamino-quinazolin-4-vyl)-(4-methoxy-phenyl)-
methyl-amine;
(2-Methylamino-quinazolin-4-yl)-(6-methoxy-pyridin-3- 35
yl)-methyl-amine;
(2-Methyl-quinazolin-4-yl)-(4-methylamino-phenyl )-me-

thylamine; (2-Chloromethyl-quinazolin-4-yl)-(4-methoxy-phenyl)-
(4-Methoxy-phenyl)-(2-N-methylacetamido-quinazolin- methyl-amine;
4-yl)-methylamine; 40  (2-Ethyl-quinazolin-4-yl)-(4-methoxy-phenyl)-methyl-

amine;
(4-Diafluoromethoxy-phenyl)-(2-methyl-quinazolin-4-y1)-

and pharmaceutically acceptable salts or solvates thereof.
33. The method of claim 1, wherein the compound 1s cho-

(2,6-Dichloro-quinazolin-4-y1)-(4-methoxy-phenyl )-me-
thyl-amine;

sen from: methyl-amine;
(2-Chloro-quinazolin-4-vy1)-(4-methoxy-phenyl )-methyl- (3-Fluoro-4-methoxy-phenyl)-(2-methyl-quinazolin-4-
amine; 45 yl)-methyl-amine;
(2-Chloro-quinazolin-4-y1)-(4-methyl-phenyl)-methyl- (4-Isopropoxy-phenyl)-(2-methyl-quinazolin-4-yl)-me-
amine; thyl-amine;
(2-Chloro-quinazolin-4-yl)-(4-chloro-phenyl)-methyl- (4-Ethyl-phenyl)-(2-methyl-quinazolin-4-y1l)-methyl-
amine; amine;
(2-Chloro-quinazolin-4-yl)-(4-trifluoromethoxy-phenyl)- 50  (5-Methoxy-2-methyl-quinazolin-4-yl)-(4-methoxy-phe-
methyl-amine; nyl)-methyl-amine;
(2-Chloro-quinazolin-4-y1)-(6-methoxy-pyridin-3-yl)- (2-Methyl-quinazolin-4-yl1)-(6-methoxy-pyridin-3-yl)-
methyl-amine; methyl-amine;
(2-Chloro-quinazolin-4-yl)-ethyl-(4-methoxy-phenyl )- (2-Fluoro-4-methoxy-phenyl)-(2-methyl-quinazolin-4-
amine; 55 yl)-methyl-amine;
(2-Chloro-quinazolin-4-v1)-(2,4-dimethoxy-phenyl )-me- (4-Dimethylamino-phenyl)-(2-methyl-quinazolin-4-y1)-
thyl-amine; methyl-amine;
(2-Chloro-quinazolin-4-vy1)-(3-methoxy-phenyl )-methyl- (4-Ethoxy-phenyl)-(2-methyl-quinazolin-4-yl)-methyl-
amine; amine;
(2-Chloro-6-methyl-quinazolin-4-yl)-(4-methoxy-phe- 60  (S5-Methoxy-pyrnidin-2-yl)-(2-methyl-quinazolin-4-yl1)-
nyl)-methyl-amine; methyl-amine;
(2-Chloro-5-methyl-quinazolin-4-yl)-(4-methoxy-phe- (2-Methyl-quinazolin-4-yl)-(4-methylamino-phenyl )-me-
nyl)-methyl-amine; thylamine;
(2-Chloro-8-methyl-quinazolin-4-yl)-(4-methoxy-phe- (2-Methyl-6-nitroquinazolin-4-vyl)-(4-dimethylaminophe-
nyl)-methyl-amine; 65 nyl)-methylamine;

(4-Methylthio-phenyl)-(2-methyl-quinazolin-4-yl)-me-
thylamine;
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(2-Dimethylamino-pyridine-5-y1)-(2-methyl-quinazolin-
4-yl)-methylamine;

(6-Dimethylamino-2-methyl-quinazolin-4-yl1)-(4-meth-
oxy-phenyl)-methylamine;

(3.,4,5-Trimethoxy-phenyl)-(2-methyl-quinazolin-4-vy1)-
methylamine;

and pharmaceutically acceptable salts or solvates thereof.

35. The method of claim 1, wherein the compound 1s cho-

sen from:

N<-Hydroxyl-N*-(4-methoxy-phenyl)-N*-methyl-
quinazoline-2,4-diamine;
(4-Methoxy-phenyl)-methyl-(2-morpholin-4-yl-quinazo-
lin-4-yl)-amine;
(2-Methoxy-quinazolin-4-yl)-(4-methoxyphenyl)-methy-
lamine;
(4-Methoxy-phenyl)-methyl-(quinolin-4-yl)-amine;
(2-Methylthio-quinazolin-4-yl)-(4-methoxy-phenyl )-me-
thyl-amine;
(2-Dimethylamino-quinazolin-4-yl1)-(4-methoxy-phenyl)-
methyl-amine;
(2-Methylamino-quinazolin-4-yl)-(4-methoxy-phenyl)-
methyl-amine;
(2-Methylamino-quinazolin-4-y1)-(6-methoxy-pyridin-3-
yl)-methyl-amine;
(2-Benzylamino-quinazolin-4-yl)-(4-methoxyphenyl)-
methylamine;
(2-Dimethylamino-6-nitroquinazolin-4-yl)-(4-methox-
yphenyl)-methylamine;
(2-Methylamino-quinazolin-4-vyl)-(4-dimethylaminophe-
nyl)-methylamine;
[2-(N-Methyl-acetamido)-quinazolin-4-yl]-(4-dimethy-
laminophenyl)-methylamine;
(4-Methoxy-phenyl)-(2-N-methylacetamido-quinazolin-
4-yl)-methylamine;
and pharmaceutically acceptable salts or solvates thereof.
36. The method of claim 1, wherein a brain/plasma AUC

ratio of said compound after administration 1s greater than
about 5.

37. The method of claim 1, wherein a brain/plasma AUC

rat1o of said compound after administration 1s greater than
about 10.

38. The method of claim 1, wherein a brain/plasma AUC

ratio of said compound after administration i1s greater than
about 13.

39. The method of claim 1, wherein the compound has a

calculated polar surface area of less than about 100 square
Angstroms.
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40. The method of claim 1, wherein the compound has a
calculated polar surface area of less than about 80 square
Angstroms.

41. A method of treating a metastatic brain cancer in a
mammal 1n need of such treatment, comprising intravenously
administering to the mammal an effective amount of a com-
pound according to Formula I:

()

fllm
Ry Y Rg
\Z/ \r
Rl\. #X\

R“\)\)\B\P‘“
AN

or a pharmaceutically acceptable salt or solvate thereof,
wherein:

R, 1s C,_; alkyl;

R, 1shalo,R,,,OR, ., SR, ,, NR,R,,or NR, . (C=0)C, .
alkyl wherein R, < 1s C, _ alkyl, C,_. alkenyl, C,_. alky-
nyl, C,_. haloalkyl, C,_; carbocycle, C,_; heterocycle,
Ce 1o aryl, or arylalkyl and R, 1s H, C,  alkyl, C,_.
alkenyl, C,_. alkynyl, C,_ haloalkyl, C;_; carbocycle,
C,_g heterocycle, C_, , aryl, or arylalkyl;

R;, R4, Rs-Rg, R,,-R;; are independently halo, R,
NR,R,-, OR,, or SR, wherein R, , and R, ; are inde-
pendently H, C, _ alkyl, C,_ alkenyl, C,_. alkynyl, or
C,_¢ haloalkyl provided that R, , and R, 5 are not both H;

R.1s H or C, _; alkyl;

R, 1s H, halo, R, 5, OR, 4, SR, 4, NR R, or optionally R,
and one of Ry and R,, together form a heterocycle,
wherein R, and R, are independently H, C, . alkyl,
C,_« alkenyl, C,_.alkenyl, or C,_. haloalkyl provided
that R4 and R, are not both H; and

B,D, W, X,Y and 7 are independently C or N, provided that
at least one of B and D 1s N, no more than one of W, X,

Y and Z are N, and when B, D, W, X, Y or Z 1s N then
there 1s no substituent at the N.

G ex x = e
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